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METHOD AND APPARATUS FOR RADIAL EXPANSION AND/OR COUPLING 



Background of the Invention 

This invention relates generally to tubular members. For convenience, the 
invention will be described with reference to Miellbore casings that are formed using 
expandable tubing. However, it will be appicfciated that the invention may be applied to 
other tubular members, such as pipelines and structiffal suppcMls. 

ConvenftionaHy, when a wellbore is created, a number of casings are installed i^ 
boithole toprevent collapse of the borehole wall and to prevent undesued outflow of 
drilling fluid into the formation or inflow of flidd from the formation into Ae borehole. 
The borehole is drilled in intervals whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously mstalled casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of smaller 
diameter than the casing of the upper interval. Thus, the casings are in a nested 
arrangement with casing diameters decreasing in downward direction. Cement armuli are 
provided between the outer surfaces of the casings and the borehole wall to seal the casings 
from the borehole wall. M a amsequence of this nested jarrangement a rehttvely large 
borehole diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heavy casing handling equipment, large drill bits 
and increased volumes of drilling fluid and drill cuttings. Moreover, Increased drilling rig 
time is uivolved due to required cement pumping, cement hardening, required equipment 
changes due to large variations in hole diameters drilled in the course of the well, and the 
brge volume of cuttings drilled and removed 

The present invention is directed to alleviating one or more of the limitations of the 
existing procedures for forming wellbores and other tubular members. 
Summary of the Invention 

According to one aspect of the invention, an apparatus for plastically deforming 
and radially expanding a tubular member is provided that includes means for plastically 
deforming and radially expanding a first portion of the tubular member to a first outside 
diameter, and means for plastically deforming and radially expanding a second portion of 
the tubular member to a second outside diameter. The means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter may 



be frangible, elastic or inflatable, or it may include rolling means for applying radial 
pressure to the first portion of the tubular member. 
O According to another aspect of the present invention, an apparatus for plastically 

^ defonning and radially expanding a tubular membw is provided th^t includes a tubular 

5 support member including a fust fluid passage, an expansion cbiae coupled to fhe tubular 
g sufipoTi member having a second fluid passage fluidicly coupled to ftc first fluid passage 

oo aiKi an outer conical sur&ce, a removable annuluf conical sleeve coupled to the outer 

^ conical surface of the expansion cone, an annular iexpansion cone launcher coupled to the 

^ conical sleeve and a lower portion of the tubiilar member^ and a shoe having a vahreable 

^ 10 ]»ssage coupled to an end of the expansion cone launcher. The conical sleeve may be, for 
example, frangible, elastic or comprised of a plurality of arcuate elements. 

According to another aspect of the present mvention, a method of plastically 
deforming and radially expanding a mbular member Is provided that includes plastically 
deforming and radially expanding a portion of the tubular member to a first outside 
15 diameter, and plastically deforming and radially expanding anotter portion of the tubular 
member to a second outside (fiametcr. In one embodiment, plastically deforming and 
radially expanding the first portion ofthe first tubular member comprises applying a radial 
force to the portion ofthe tubular member using a conical sleeve. The conical sleeve may 
be, for example, frangible, elastic or comprised of a plurality of arcuate elements. In 
20 another embodiment, plastically deforming and radially expanding the first portion of the 
first tubular member comprises applying a radial force to the first portion of ttie first 
tubular member using an inflatable bladder or using a roller expansion device. 

According to another asfpect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes plastically deforming 
25 and radially expanding a first portion ofthefint tubular member to a first outside 

diameter, plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, positioning the second tubular member inside the 
first tubular member in overlapping relation to the first portion of the first tubular member, 
plastically deforming and radially expanding the second tubular member to a thhd outside 
30 diameter, and plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. The first 
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outside diameter may be greater than the second outside diameter. In one embodiment, 
plastically deforming and radially expanding the first portion of the first tubular member 
O comprises applying a racfial force to the portion of the tubular member using a conical 

^ sleeve. The conical sleeve may be, for example, firangible, clastic or comprised of a 

S plurality of aicuatc elements. In another embodiment, plastically deforming and radially 
<N expanding the firat portion of the first tubular member comprises applying a radial force to 

^ the first portion of the first tubular member using an inflatable bladder or using a roller 

^ expansion device. 

^ According to another aspect of die present invention* an ansaratus ibr coupling a 

^ 10 first tubular member Co a second tubular member is provided that includes means fpr 

plastically deforming and radially expanding a first portion of dte first tubular member to a 
first outside diameter, means for plastiically deforming and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the first 

15 portion of the first tubular member, means for plastically deforming and radially expanding 
the second tubular member to a thiid outside diameter, and means for plastically deforming 
and radially expanding the second tubular member to a feurth outside diameter. The inside 
diamet^s of the first and second tubular members after the plastic deformations and radial 
expansionsi are substantially equal- The first outside diameter may be greater than the 

20 second outside diameter, In one embodiment, the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises means for 
applying a radial force to the portion of the tubular member using a conical sleeve. The 
conical sleeve may be, for example, frangible, elastic or comprised of a plurality of arcuate 
elements. In another embodiment, the means for plastically deforming and radially 

25 expanding the first portion of the first tubular member comprises means for applying a 
radial force to the first portion of the first tubular member using an inflatable bladder or 
using a roller expansion device. 

According to another aspect of the present invention, an appsiratus for forming a 
w^ilboie cashig within a weUbore is provided that includes means for supporting a tubular 

30 member within the wellbore, means for plastically deforming and radially expanding a first 
portion of the tubular member to a first outside diameter, and means for plastically 
deforming and radially expanding a second portion of the tubular member to a second 
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O outside diameter. The means for plastically dcfonning and radially expanding the first 

w portion of the tubular member to the first outside diameter may be frangible, clastic or 

O inflatable, or it may include rolling means for applying radial pressure to the first portion 

^ ofthe tubular member. 

5 y^cording to another aspect ofthe present invention, an apparatus for forming a 

weUborc casing within a wcllborc is provided that iiKhides a tubular support miember 
^ including a first fluid pawage, an expansion cone coupled to the tubular support member 

having a second fluid passage fluidiciy coupled to th^^^^ 
g conical surface, a removable annular conical sleeve coupled to the outer conical surface of 

^ 10 the expansion cone, an annular expansion cone launcher coupled to the coracal slccve and 
A lovwT portion of the tubular member, and a shoe having a valvcable passage coupled to 
an end of Ae expansion cone launcher. The conical sleeve maybe, fpr example, frangible, 
elastic or comprised of a plurality of arcuate elements. 

According to another aspect of the present Invention, a method of fonning a 
1 5 wellbore casing within a wellbort is provided that includes supporting a tubular member 
within a wellbore, plastically deforming and radially expanding a portion of die tubular 
mrniber to a first outside diameter, and plastically deforming and radially expanding 
another portion of the tubular member to a second outside diameter. In one embodiment, 
plasticaily deforming and radially expanding the firstportion of the fiwt tubular member 
20 comprises qiplying a radial force to the portion of the tubular member using a corneal 
sleeve. The corneal sleeve may be, for example, frangible, elastic or comprised of a 
plurality of arcuate elements. In another onbodiment, plastically deforaiing and radially 
expanding the first portion of the first tubular member comprises applying a radial force to 
the first portion of the first tubular miember using an inflatable bladder or using a roller 
25 exparision device. 

According to another aspect of the present invention, a method of forming a mono- 
diameter wellbore casing within a wellbore is provided that includes supporting a first 
tubular member vrithin the wellbore, plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically deforming and 
30 radially expanding another portion of the fust tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member iri 
overiapping relation to the first portion of the first tubular member, plastically deforming 



-4- 



and ifadially e)q)anding the second tubular member to a third outside diameter, and 
plastically defiKxiiing and radially expanding the second tubtilar member to a fourth 
outside diameter/ The inside diameters of the first and second tubular members after the 
plastic dcfonnations and radial expansions are substantially equal. The first outside 
diameter may be greater than the second outside diameter. In one embodiment, plastically 
deforming and radially expanding the first portion of the first tubular member comprises 
applying a radial force to the portion of the tubular member using a conical sleeve. The 
conical sleeve may be* for example, frangible* elastic or comprised of a plurality of arcuate 
elements. In another embodiment, plastically deformhig and radially expanding the first 
poriion of the first tubulur meinber comprises applying a radial foice^ the first portion of 
the first tubiilar member using an inflatable bladder or using a roller expansion device. 
The method may fiiriber comprise injecting an annular body of a hardenable fluidic sealing 
material into an annulus between flie firet tubular member and the wellbore and/or between 
the second tubular member and the wellbore. The annuUr body or bodies may be cured. 

According to another aspect of the present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter, means for plastically deforming and radially expanding another 
pc^ion of the first tubular member to a second ouUide diameter, means for positioning the 
second tubuhur member inside the first tubular member in overlapping relation to the first 
portion of the fiirst tubular member, means for plastically defoimihg and radially expanding 
th^ second hibular member to a third outside diameter, and means for plastically deforming 
and radially expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members afier the plastic deformatioits and mdial 
expansions are substantially equal The first outside diameter may be greater than the 
second outside diameter. In one embodiment, the means for plastically defonning and 
radially expanding the first portion of the first tubular member comprises means for 
applying a radial force to the pordonofthe tubular member using a conical sleeve. The 
conical sleeve may be. for example, fraxkgible, elastic or comprised of a plurality of arcuate 
elements. In another embo<fiment, the means for plastically deforming and radiaUy 
expanding the first portion of the first tubular miember comprises means for applyinjg a 
radial force to the first portion of the first tubular member using ah inflatable bladder or 



using a roller expansion device. The apparatus may further comprise means for injecting 
an annular body of a haidenablc fluidic scaling material into an annulus between the first 
tubular member and the wellborc and/or between the second tubular member and the 
wellbore. Such apparatus may further comprise means for curing the annular body of 
hardienable fluidic sealing matenaL 

According to another aspect of the present inventioxi, ^ apparatus for plastically 
deforming and radially expanding a tubular member is provided that includes means for 
providing a lipped portion m a portion of the tubular member, aiid means for plastically 
deforming and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, an apparatus for plastically 
def<^mg and radially expanding a tubular member is provided that includes a tubular 
support member including a first fluid passage, an expansion cone coupled to the tubular 
support member haying a second fluid passage fluidicly coupled to the first fluid passage 
and an outer conical surface, an annular expansion cone launcher Including: a firel annular 
portion coupled to a lower portion of the tubular member, a second annular portion 
coupled to the first annular portion that mates with the outer conical surface of the 
expansion cone, a third anmihr portion coupled to (he seconcl annular portiiUA having a first 
outside diameter, and a fourth annular portion coupled to tht third; annular portion having a 
secbrui outside diameter, wherein the second outside diameter is less than the first outside 
diameter, and a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular member is provided that includes providing a 
lipped portion in a portion of the tubular member, and plastically defonning and radially 
expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes providing a lipped 
pordon in a portion of the first tubular member, plastically defonning and radially 
expanding anotiier portion of the first tubular member, positioning the second tubular 
member inside the fint tubular member in overiapping relation to the lipped portion of the 
first tabular member, and plastically deforming and radially expanding the second tubular 
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member. The insWc diametere of the first and second tubular members after the plastic 
defonnations and radial expansions are substantially equal. 
O According to another aspect of the present invaition, an apparatus for coupling a 

^ first tubular member to a second tubular member is provided that includes means for 

5 providing a lipped portion in the first tubular member, means for plastically deforming and 
CS radially expanding another portion of the fu^ tubular member, means for positioning the 

00 second tubular member inside the first tubular member in avtt^pfing relation to the lipped 

portion of ti» first tubular member^ and means for pIasticB!ly defonningand radially 
^ expandiing tiie second tubular member. The inside diameters of the first and second tubular 

^ 10 members (be plastic deformations and radial expamio 

Acoonlihg to another aspect of the present bvcntion, an apparatus for forming a 
wellbore casing within a wellbore is provided tiiat includes means for supporting a tubular 
member within tiie wellbore, means for providing a lipped portion in the tubular member, 
and means for plastically deforming and radially expanding miother portion of tiie tubular 
1 5 member: to a second outside diameter. 

According to another aspect of tiic present invention, an apparatus for forming a 
wellbore casing withfai a wellbore is provided tiiat includes a tid>ular support member 
including a furst fluid passage, an expansion cone coiqiled to tihe tubular support member 
having a second fluid passage fluididy coupled to tiie fiist Quid passage and an outer 
20 conical suir&ce, an annular expansion cone launcher including: a first annular portion 
coupled to a lower portion of the tubular member, a second annular portion coupled to the 
first annular portion that mates witt> the outer conical surface of the expansion cone, a tiiird 
annular portion coupled to die second annular portion having a first outside diameter, and a 
fourth annular portion coupled to tfie tiiird annular portion having a second outside 
25 diameter, wherein the second outside diameter is less than the first outside diameter, and a 
shoe having a valveable passage coupled to fourth annular portion of the expansion cone 
launcher. 

According to ieuiother aspect of the present invention, a method of forming a 
wellbore casing in a wellborn is provided tiiat includes supporting a tubular member witiiin 
30 tiie wellboiv, providing a lipped portion in a portion of tiie tubular member, and plastically 
deforming and radially expanding anotiier portion of tiie tubular member. The metiiod 
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may further comprise injecting a hardenabte fluidic scaling material in an annulus between 
the tabular member and tiie wdlbore. 

According to another aspect of the present invention, a method of forming a raono- 
diametcf wcllbore casing within a wellbore is provided that iricludes supporting a first 

5 tubular member within the wellbore, providing a lipped portion m a portion of the first 
tubular member, plastically deforming and radially expanding another portion of the first 
tubular member, positioning the second tubular member insidie Ae first tubular member in 
overiapping relation to the lipped portion of the first tubular member, and plastically 
deforming and radially expanding the second tubular member. The inside diameters of the 

10 first and second tubular members after the plastic deformations and radial expansions are 
substantially equal. The method may further comprise ii^ecting a haidimable fluidic 
seeling material in an annulus between the first tubular manber and the wcllbore and/or 
between the second tubular member and the wellbore. The fluidic sealing material may be 
cured. 

15 According to another aspect of the present invention, an apparatus for forming a 

mono-diamcter wellbore casing within a wellbore is provided that includes means for 
providing a lipped portion in die first tubular member, means fi)r plastically defonning and 
radially expanding another portion of the first tubular member, means for positioning the 
second tubular member inside the first tubular member in cwcriapping relation to die lipped 

20 portion of the first tubular member, and means for plasticaUy deforming and radially 

expandir^ dw second tubular member. The inside diameters of the first and second tubular 
members after the plastic deformations and radial expansions are substantially equal. The 
apparatus may fiirther comprise means for injecting a hardenable fluidic sealing material in 
an annulus between the first mbuiar member and the wcllbore and/or between the second 

25 tubular member and the wellbore. Such apparatus may further comprise means for curing 
the fiuidic sealing material. 

According to another aspect of the present invention, an q>paratus for plastically 
deforming and radially expanding a tubular member is provided that Includes means for 
plastically defonning and radially expanding a first end of the tubular member, and means 

30 for plastically deforming and radially expanding a second end of the tubular inember. 

According to another aspect of the prescm invention, an e^paranis for plastically 
deforming arid radially expanding a tubular member is provided that includes a tubular 
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support member inchidirig a first passage, an expansion cone coupled to the tubular 
support having a second passage fluidicly coupled to the first passage and an outer conical 
O surface, an annular expansion cone launcher raovably coupled to outer conical surface of 

^ the expansion cone, an expandable tubular member coupled to an end of the annular 

5 expansion cone launcher, a shoe coupled to another end of the annular expansion cone 
<N launcher having a valvcable fluid passage, and another annular expansion cone movably 

^ coupled to the tubular support member. The annular expansion cones are positioned in 

^ opposite orienUitiohsJh one embodiment, the annular expansion cone i^ 
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plastically defom and radially ertpmd a iiist end of the expandable tubular member and 
1 0 the otfier annular expansion cone is adapted to plastically deform and radially expand a 
second end of the expandable tubular member. The apparatus may further comprise an 
anchoring member coupled to the tubular support member adapted to hold the expandable 
tubular. 

According to another aspect of the present invention, an apparatus for forming a 

1 5 wellbore casing within a wellbore is provided that includes a tubular support member 

including a first passage, an expansion cone coupled to the tubular support having a second 
passage fluidicly coupled to the first passage and an outer conical surface, an anpular 
expansion cone launcher movably coupled to outer conical surfiiE^e of the expansion cone, 
an expandable tubular member coupled to an end of the annular expansion cone launcher, a 

20 shoe coupled to another end of the annular expansion cone launcher having a valveable 
fluid passage, and another annular expansion cone movably coupled to the tubular support 
member. The annular expulsion cones are positioned in opposite orientations. In one 
embodiment, the annular expansion cone is adapted to plastically deform and radially 
expand a first end of the expandable tubular member and the other annular expansion cone 

25 is adapted to plastically deform and radially expand a second end of the expandable tubular 
member. The apparatus may further comprise an anchoring member coupled to the tubular 
support member adapted to hold the expandable tubular. 

According to anodier aspect of the present inventioni an apparatus for bridging an 
axial %ip between opposing pairs of wellbore casing vidthiri a SvcUbore is provided that 

30 includes means for supporting a mbular member hi overlapping relation to the opposing 
ends of the wellbore casings, means for phistically defoimfag and radially expianding the 
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tubular member, and means for plastically deforming and radially expanding the tubular 
member and the opposing ends of the wellbore casings. 

Accord ing to another aspect of the present invention^ a method of bridging an axial 
gap between opposing pairs of wellbore casing within a wellbore is provided that includes 
supporting a tubular member in overlaj^ing relation to the opposing ends of the wellbore 
casings, plastically deforming and radially expanding the tubular member, and plastically 
defonnmg and radially expanding fte tubular member and die opposing ends of die 
wellbore casings. 

According to another aspect of die fMresent inveDtion> a method of fonning a 
structure having desired strengdi characteristics is provided that includes providing a first 
tubular member, and plastically deforming and radially expanding additional tubular 
members onto the interior sur&ce of the first tubular member until the desired strengdi 
diaracteristics are achieved. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore having desired strengdi characteristics is provided that 
includes plastically defbnning and radially expanding a first tubular member within the 
wellbore, and plastically defoiming and radially expanding additiomd tubular members 
onto die Intnior surfitee of die iicst tubular member until the desired strengdi 
characteristics are achieved 

According to anodier aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member, the first tubulair member having an original 
outside diameter ODo and an original wall thickness to, is provided that includes plastically 
deforming and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically deforming and radially expanding anotiier portion of the first 
tubular member to a second outside diameter, positioning the second tubular member 
inside die first tubular member in ovcriapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding die second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diaroeten of die first and second 
tubular members after the plastic deformations and radial expansions are substantially 
equal, and die ratio of die original outside diameter ODq of the first tubular member to die 
original waU; thickness t^of die first tubular member is greater dian or equal to 16. 



m 

8 According to another aspect of the present invention, a method of forming a mono- 

diameter wllbore casing U provided that includes positioning a^^^ 
O within a wclllwre, the first tubular member having an original outside di^^ 

g original vfailthiclmess to, plasricallydcfonningimd radially expandinga fust port^^ 

5 the first tubular member to a fint outside diameter, plastically deforming and radially 
M expanding another portion of the fiist tubular member to a second outside diameter, 

S posiliorang the second tubular member inside the first tubular meiiber iii overlapping 

^ relation to the first portion of the first tubular member, plastiwllyde^^ 

expanding the second tAuWnranber to a third outside (jiameter, and 
§ 10 defonning and radially expandli* the second tubular mmber to a fourth 0 

Ths Inside diameters of the first and second mbular members after the plastic dcfonnations 
and radial expansions are substantially equal, and tiie ratio of the original outside diameter 
ODo of the first tubular member to the original waU thickness to of tlft first tubular member 

is greater tiuui or equal to 1 6. 
IS According to another aspect ofthe present invention, ah apparatus is provided that 

includes a plastically dcfbnned and radially expanded tubular member having a fint 
portion having a first outside diameter and a remaining portion haying a second outside 
diameter. The ratio of the original outside diameter OD* of tiie first tubular member to flie 
ordinal wall thickness t6 of a»e first tubular member is greatwtiianorequalto 16. 

20 According to anoliier aspwt of the present invention, an apparanis is provided ttiat 

includes a plastically deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a second outeide 
diameter, and a plasticaUy dcfonned and radiidly expanded second tubular membw 
coupled to the first portion of the first tubular member. The ratio of the original outside ., 

25 diameter ODo of tiie first tubular member to die original vwll tiuckness td of ttie first 

tubular member is greater flum or equal to 16. In one embodiment, the inside diameteis of 
the first and second tubular members are substantially equal. 

Accordng to anoUicr aspect of flie present invwition, a wcllbore casing formed in a 

wellbore is provided timt Includes a plasticaUy defonned and radially expanded fint 
30 tubular member having a first portion having a first outside diameter and a remaining 
portion having a second outside diameter, and a plastically deformed and radially 
expanded second tubular member couided to ti»e first portion of the first tubular member. 
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The ratio of the original outside diameter ODo of the first tubular mcmbcr to the original 
wail thiclcncss t6 of the first tubular member is greater than or equal to 1 6. In one 
embodiment, the inside diameters of the first and second tubular members arc substantially 
equal. 

According to another aspect of the present invention, an a^wratus is provided that 
includes a plastically deformed and radially expanded tubular member. The ratio of the 
original outside diameter ODo of the tubular member to the original wall thickness to of the 
tubular member is greater than or equal to 16. 

According to another aspect of the present invention flierc is provided an appto 
for plastically deforming and radially expanding a tubular member, comprising: means for 
coupling a fust expansion cone to a secrad expansion cone; means for plastically 
deiroraiing and radially expanding a furst portion of the tubular member to a first outside 
diameter using the first and second expansion cones; means for plastically deforming and 
radially expanding a second portion of the tubular member to a second outside diameter 
using the second expansion cone; and means for decoupling the first and second expansion 
cones prior to plastically deforming and radially expanding the second portion of the 
tubular membw to the second outside diameter; wherein the first outside diameter is 
greater than the second outside diameter. 

According to another aspect of the present invention there ia| provided a niethod of 
plastically deforming and radially expanding a tubular member, comprising: plastically 
deforming and radially expandmg a portion of tiie tubular maiiber to a first outside 
diameter using a first expansion cone coupled to a second expansion cone; decoupling the 
first and second cxpanaon cones; and plastically deforming and radially expanding ahotiier 
portion of the tubular member to a second outside diameter using the second expansion 
cone; wherein tiie first outside diameter Js greater tiian the second outside diameter. 

According to another aspect of the present invention there is provided a method of 
coupling a first tubular member to a second mbular member, comprising: plastically 
deforming and radially expanding a first portion of 4e first tubular member to a first 
outside cfiameter using a first expansion cone coupled to a second expansicm cone; 
decoupling the first and second expansion cones; plastically deforming and radially 
expanding another portion of the first tubular member to a second outside diameter using 
iht second expansion cone; positioning the second tubular member inside the first tubular 
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member in overlapping relation lo the first portion of the first tubular member; plastically 
deforming and radially expanding the second tubular member to a third outside diameter. 
O and plastically deforming and radially expanding the second tubd^^ 

^ outside diameter; wherein the first outside diameter is greater than the second outside 

5 diameter, and wherein the inside diameters of the first and second tubular members after 
<N the plastic defonnations and radial expanrions arc subs^ 

M According to aiiother aspect of the present invention there is provided an apparatus 



^ for coupling a fust tubular member to a second tubular member, comprising: means fbr 

3 plastically deforming and radially expanding a first portion of the first tubular member to a 

^ 10 first outside diameter using a first expansion cone coupled to a second expansion cone; 

means for decoupliiig the first expansion cone ftoro the second expansion cone; means for 
plastfcally defonning and radially expanding another portion of the first tubular member to 
a second outside diameter using the second expansion cone; means for positioning the 
second tubular member inside tiic first tubular member in overlapping relation to the first 
15 portion of the first tubular member; means for plastically deforming and radially 

expanding the second tubular member to a third outside diameter, and means for plastically 
deforming and radially expanding die second tubular member to a fourth ouUide diameter; 
wherein the first outside diameter is greater than the second oiUsidc dianieten and wherein 
the inside diametere of the first and second tubular members after tiie plastic deformations 
20 and radial expansions are substantially equal. 

According to another aspect of the present invention tiiere is provided an apparatus 
for fomiing a wellbore casing witiiin a wcllbore, comprising: means for supporting a 
tubular member within tiie wellbore; means for plastically deforming and radially 
expanding a first portion of tiie tubuUr member to a first outside diameter using a first 
25 expansion cone coupled to a second expansion cone; means for decoupling the first and 
second expansion cones; and means for plastically deforming and radially expanding a 
second portion of the tubular member to a second outside diameter using the second 
expansion cone; whocin the first outsMe diameter is greater than the second outside 
diameter 

30 According to another aspect of die present invention Oierc is provided a method of 

forming a wcllbore casing within a wellbore, comprising: supporting a tubular member 
witiiin a wellbore; plastically defonning and radially expanding a portion of tiie tubular 
member to a firat outside diameter using a first expansion cone coupled to a second 
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expansion cone; decoupling the first and second expansion cones; and plastically 
deforming and radially expanding another portion of the tubular member to a second 
O outside diameter using the second expansion cone; wherein the first outside diameter is 

^ greater than the second outside diameter. 

5 According to another aspect ofthe present invention there^to 

rsl foitning a morio-diamctcr wellboie casing within a wellbore, comprising: supporting a first 

S tubular member vdthin the wellborc; plasticaUy dcformteg and radially expanding a first 

0\ portion of tfie first tubular member to a first outside diameter using a first expansion cone 

^ coupled to a second expansion cone; decoupling the first and second expansion cones; 

^ 10 plastically deforming and radially expanding another p^^^ 

a second outside diameter using the second expansion cone; positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member; plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding the 
15 second tubular member to a fourth outside diameter; wherein the first outside diameter is 
greater than the second outside diameter; and wherein the inside diameters of the. first and 
second tubular members after the plastic deformations and radial expansions are 
substantially equal. 

According to another aspect of the present invention there is provided an apparatus 
20 for coupling a first tubular member to a second tubular member, comprising: means for 
plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter using a first expansion cone coupled to a second expansion cone; 
means for decoupling the first and second expansion cones; means for plastically 
deforming and radially expanding another portion of the first tubular member to a second 
25 outside diameter using the second expansion cone; means for positioning the second 
tubular member inside the first tubular member in overlapping relation to the first portion 
of Ae first mbular member, means for plastically drforming and radially expanding the 
second tubular member to a third outside diaineter; and means for plastically deforming 
and radially expanding the second tubular member to a fourth outside dianicter; wherein 
30 the first outside diameter is greater than the second outside diameter; and vrlicrcin the 

inside diameters of the first and second mbular memben after the plastic deformations an4 
radial expansions are substantially equal. 
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Brief Description of tbo Drawings 
Fig. lais across setrtiond iUustndon of a wcllbore incl 

wellboio cadng. 

Fig. ibisacroBS-wtionalffliwtiadonof ihoplacemetitof 

5 ^»paiatu8 fondial]^c9q>aiiding a tubular laen^ Ifl* 

Fig. Ic is a cross-sectiona] illustratioii of the iiQoction of fluidio matoriala tbfousjb 

the nppmXoB of Fig. lb. 

Fig. Id is acioss-sectional illustratioii of the injection of hardcnable fluidic scaling 

nmf^pain through the apparatus ofFlg. Ic. 
10 Fig. leifiacross-eectionalilluEtrationoftheprcBsurisMtionof Aere^ 

expansioa cohfi of the apparatus of Fig. Id. 

Fig. If is a crosa-sectkmal ilkatrstion of the cantiimed pressurization of ^ i^gicn 
belowthe expansion cons of tiio iq)paratas of Fig. le. 

Rg. Ig is a cross-sectional illustration of the contmued pressurization of Ihc region 
1 5 bolow the e^qjansion cone of the app«ato <>^jP*8- If Mowing the removal of the over- 
expansion sleeve. 

Fig. Ih is a cioss-flectional illustration of the completion of the radial expansion of 
Uie expandable tubular iiiember of the sppaialus of Ig. 

Fig. 1 i is a cross-sectional illustration of the drilling out of a new section of &e 
20 wellborebelowihe apparatus of Fig. Ih. 

Fig. Ij is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overlaps with the apparatus of Fig. li. 

Fig. Ik is a czoss-sectional illustration of l^he secondary radial expansion of the 
other expandable tubular member of tfic apparatus of Fig. 11. 
25 Fig. II is a cross-sectional iUuatration of the conq)letion of the secondary radial 

expansicm of ttie other expandable nibular member of Fig. Ik to fbrm a mono-diameter 
wellboTe casing. 

Fig. 2a is across sectional inufitrationof a wellboreinduding a preexisting , 
wellbore casing. 

30 Fig. 2b is a eross^aectiorud illustration oftbeplacnncat of an cmbodim^ 

ai^aralus for radially expanding a tubular member into the wdlbote of Fig. 2a. 



-12- 



woor»m PCT/usoi;30256 
Fig. 2c is a ciosa-scctiMiHl fflustration oftho injection of iluidio materiate tbrough 

the apparatus of Fig. 2b. 

Fig. 2d is a crosB-socBonal Ittustradon of the iijjoction oif harikoablo fhiidic sealing 
matflrials thxousli apparatus of Fig. 2c. 
5 Fig. 2e is a asoss-sectional IlliistiBtion of iho prtssiirizaHoh of the region below the 

expaiisi<»i cone of the apparatus of Fig. 2d. 

Fig. 2f is 8 crosB-socttonal illustration of the contniiied preawrization of the region 
below the expansion cone of the apparatus of Fig. 2e. 

Fig. 2g is a cross^cctional illnstiatlon of the completion of the radial ejcpansion of 

10 theo^andabkta^ 

Hg. 2h ia a raoss-section^ ifluatrntion of the drilling «i of a new section of (he 

wellbore below the apparatus of Fig. 2g. 

Fig. 2i is a cross-sectional illustration of the radial oxpcmsion of aziothcr 
expandable tubular member that overl25)s with the apparatus of Fig. 2h. 
15 Fig. 2j is a cross-sectional illustratiDn of the seoondaiy radial expansion of the 

other expandable tabular member of the apparatus of Fig. 2i. 

Fig. 2k is a GTOSSHseotional iUuatzation of the con^letioa of fte secondary rsdial 
expansion of the other eiqpandable tubular member of Fig. 2^' to torn a mono-diameter 
wellboxecashig. 

20 Fig. 3 is a ctoss-sectional illustration of the ^aratus of Fig. 2b illustrating the 

design and construction of the over-expansion insert. 

Fig, 3a is a cross-sectional illustration of an alternative embodiment of the over- 

oxpansion insert of Fig. 3. 

Fig. 4 is a cross-sectional ilhisbration of an alternative embodiment of toe apparatus 
25 of Fig. 2b mcluding a lesiUeol hook for letncrfaig the over-expansion insert 

Fig. Sa is a cioss-sectioiial ilhiafration of a wellbore inckiding a preexisting 
wellbore casing. 

Fig. 5b ia a cross-sectional illustration of fee fbimation of a new section of 
wellbore casing in the wellbore of Fig. 5a. 
30 Fig-Scisafiagmcntarycioss-sectiondillnatiationofthepl^^ 
inflatable bladder into the new section of the wellbare casmg of Fig. 5b. 
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Fig. 5d is a fiagmentaiy cioss-seotional iUuatratioii of the inflation of Ae inflatabte 
bladder of Hg. 5c. 

Fig. 5e is a croswoctional iltustnitlon of the nw soction of wellbore carag of Fig. 
5d aSer over-c3qiansi0h« 
5 Fig. 5f 18 a cios8-8cctioiiBl illnstratioa of tho now section of weUboro casing of Fig. 

5e after drilling out anew section of the woUbore. 

Fig. 5g is a cross-sectional illustration of tho fonnation of a mono-diameter 
wellbore casing that iuchdes the new section of the wellborc casing and an additional 
seodon of wellbore casing. 
10 Fig,:6ei8acto8SrsectioDalilhistmtionof awoU^ 

wellbore casing. 

Fig. 6b is acrosa-sectional iWustration of ae fbmatiott of a new section of 
welibdie casing in the wellboie of Fig. 6a. 

Pig. 6c is a fiagmentaiy cross-sectionai illustration of the placement of aroHor 
15 radial expansion device into the new secdonofthewdlboro casing 

Fig. 6d is a xaoss-eectional illustration of die new secti^m of wdlboie cashig of Fig. 
6c after ovep-eocpansion. 

Kg. 6e is acioss-sertional ilhistration of (he new section of wellbore casmg of Pig. 
6d after ^llmg ont a new section of the wellboie. 
20 Kg. 6f is a cioss-secdonal illustratioo of the foimatibn of a mono-diameter 

wellbore casing that mclades the new section of the wellbore casing and an additional 
section of wellbore cashig. 

Fig. 7a is a caoss seoticHial ilhistrodon of a wellboze inchiding a ^mdsdng 

wellbore casing. 

25 Fig. 7b is acrosassectional ittustrafion of tho placement of an embodiment of an 

apparatus for iBdially expanding a tubular mwnbcr mto the wellbore of Fig. 7a. 

Fig. 7c is a cro8S*aecti<»ial illustnition of the injection of fluidic matedab tfaxov^ 

the apparatus of Fig. 7b. 

Fig. 7d is a crpss-ecctional iUuatmtion of the injection of haid«iable Mdic sealing 
30 matedal8duou£^tfaeq)parBtusofFig.7c. 

Fig, 7e is a cioss-fiectioaal illustration of the pressuiization of the region below the 
expansion cone of the i^aiatus of Fig. 7d. 
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Fig. lfi$ a oross-eectional illustration of tiw contmuedpressurizaticw of tho region 
below the oxpaosion bono of tho i^paiatos of Fig. 7e. 

Fig. 7g is adOfls^oiwl ilhwiratioa of the coaiipletion of Ae ndial eaqpansion of 
due expandable tnbolar meniber of fhe apparatus of Fig. 7f. 
S Fig; Th is a ciosMectional iOnstration of the driUin^g out of a new section of the 

weWbore below the apparatus of Fig. 7g. 

Fig. 7i is a croBS-sectional ilhistration of the completioii of the radial expansion of 
.another ffiq)andable tubular member to fonn a mono-diameter wellb 

Fig. Saiseioss-sectionBlilhisl^oaof anwellboninohiding 
10 ofwellbore casing having a recessed portion. 

Fig. 8b is a ciDSS-sectional Uhjstration of IheplaceiDcnt 

e:q>aiiding a tubular member within to wetlbore of Fig. 8a. 

Fig. 8o IB a oosa-eecttonal iUustcation of theiiijection of fluid^^ 

the ^paratus of Fig. 8b. 
1 5 Fig. 8d is a cross-sectional illustration of the injection of a hardenable fluidic 

sealing material. through the qjparatus of Fig. 8c. 

Fig. 86 is cross-sectional illustration of the isolation of flie region below tho - 
expansion cone and widtin Che expansion cone launcher of (he apparatus of Fig. 8d. 
Fig. 8f is acrosB-sectional illustration of the plastic deformation and radial 
20 expansion of the uppcrpwtion of the expandable tubukr member of the apparatus of Fig. 
8e. 

Fig. 8g is acioss^sectional ilhslration of flie rcmovd of the 
fiom the wellbore of fig. 8f. 

Fig. 8h is aciosB-sectioaal ilhtstration of the continued pressurizationof the region 
25 below the expansion cone of fhe apparatus of Fig. 8g to thereby plastically delfoim and 
radially expand the expansion cone launcher and expandable tubular member. 

Fig. 8i is a cross-^octioDal iliustiation of the conviction of the initial radial 
e?q>an8ion process of the apparatus of Fig. 8h. 

Fig. 8j is a cio^sectioiial illustration of the fhrther radial expansion of the 
30 apparatus ofFig.8i in order to fonn a mono-<fiameterwellborecaang. 

Fig. 9a is a cross-sectianal ilhistrationi of a wellbore hicludmg upper and kmer 
preexisting wellbtmcashigs that are sq>arated by an axial gap. 



-15- 



wo 02^9199 PCT/USOl/30256 

Fig. 9b is a cross-sectional fflustration of the coupling of a tubuto manber to Ac 
opposing ends of tile wellbore casing? of Fig. 9a. 

Fig. 9o is a fiagmeiitaiy aoss-sectional inustiati 

fixpandcm device into tfao tubolsr meoito 
5 Fig. 9d is a fragmwitary doSB-eeodonal iUufltratian of the actoatioa of the n«!ial 

expansion device of Fig. 9c. 

Fig. 9e is a cross^ectional of amono-diamctor weUbore casing generated by the 
actuation of the radial expansion device of Fig. 9d. 

Hg. lOiseciofis-scctianalillustraaonofainono-diametcrwel^ 
10 includes a pluraUty oflaym of radially expanded tubular meinben alonig at least aportion 
of the its length. 

Fig. llaisacros^sectionalilhistratianofaM^bcMwirchidingBo 
plastically dBfi>iinkig add radially expanding a first tabular mcniber. 

Fig. 1 lb is a ooss-scctional Dlustradon of a wcUbore including anoAcr casing 
15 coupled to the preexisting casing by plastically dcfonning and radiaUy expanding a second 
tubular member* 

Fig, llcisaeross-seotionalillustrationof ainono-diamrterw^l^ 
filmed by ladianyexpanding fhosecond tubniar member a socos^ 
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Detailed Description 

Several embodiments of methods and apparatus for forming a mono-diameter 
wellbore casing are disclosed. In several alternative embodimentSi the methods and 
apparatus may be used for form or repair mono-diameter wellbore casings, pipelines^ or 
structural supports. Furthermore, while the present illustrative embodiments are 
described with reference to the formation of mono-diameter wellbore casings, die 
teachmgs of the present disclosure have general application to the formation or r^sur 
of wellbore casings, pipeliheSp and structural supports. 

Referring initially to Fig. la, a wellbore 10 includes a preexisting wellbore 
casing IS. The wellbore 10 may be oriented in any orientation from the vertical to the 
horizontal. The preexisting wellbore casing 1 S may be coupled to the upper portion of 
the wellbore 10 using any number of conventional mediods. In a preferred 
embodiment, the wellbore casing IS is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
following: (I) U.S. patent 6497289, (2) Australian patent application AU-A- 164 17/00, 
(3) U.S. patent 6823937, (4) U,S. patent 6328113, (5) UJS. patent 6640903, (6) U.S. 
patent 6568471. (7) U.S. patent 6575240, (8) U.S. patent 6557640. (9) U.S. patent 
6604763, (10) International patent application WO 01/04535, (11) International patent 
application WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) 
U S. patent application US-A-2003-0121S5B, (15) U.S. patent application US-A-2004- 
0033906, (16) U.S. patent application US-A-2063-01 16325, and (17) U.S. patent 
application US-A-2004-004S71 8, the disclosures of which are incorporated herein by 
reference. More generally, the preexisting wellbore casiqg 1 5 may be coupled to 
another preexisting wellbore casing and/or may include one or more concentrically 
positioned tubular members. 

Referring to Fig. Ibp an apparatus 1 GO for radially expanding a tubular member 
may then be positioned within the wellbore 10. The apparatus 100 includes a tubular 
support member 105 defining a passage 1 10 for conveying iluidic materials. An 
expansion cone 1 15 defining a passage 120 and having an outer conical surface 125 for 



radially expanding tubular members is coupled to an end of the tubular support 
member lOS. An annular conical over-expansion sleeve 130 mates with and is 
removd)ly coupled to the outer conical surface 125 of the exi»nsion cone 1 IS. In 
several alternative embodiments, the over-expansion sleeve 130 is fabricated from 
fran^ble materials such as, for example, ceramic materials, in order to facilitate the 
removal of the over^expansion sleeve during operation of the ^jparatus 100. In this 
manner, the amount of radial expansion provided by the apparatus may be decreased 
following the removal of the over-expansion sleeve 130. 

An expansion cone launcher 135 is movably coupled to and supported by the 
expansion cone 115 and the over-expansion sleeve 130. The Cfxpansion cone launcher 
135 Include an upper portion having an upper outer diameter, an intermediate portion 
that mates with the expansion cone 1 15 and the over-expansion sleeve 130* an a lower 
portion having a lower outer diameter. The lower outer diameter is greater than the 
upper outer diameter. A shoe 140 defining a valvcable passage 145 is coupled to the 
lower portion of the expansion cone launcher 135. In a preferred embodiment, the 
valveable passage 145 may be controllably closed in order to fluidicly isolate a region 
1 50 below the expansion cone 1 1 5 and bounded by the lower portion of the expansion 
cone launcher 135 and the shoe 140 from the region outside of flie apparatus 100. 

An expandable tubular member 155 is coupled to die upper portion of the 
^pansioh cone launcher 135. One or more sealing members 160a and 160b are 
coupled to the exterior of the upper portion of the expandable tubular member 155, In 
several alternative embodiments, the sealing members 160a and 160b may mchide 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 1 60a and 160b. 

In a preferred embodiment, the support member 105, the expansion cone 1 15, 
the expansion cone launcher 135, the shoe 140, and the expandable tubular member 
155 are provided substanUally as disclosed in one or more of the following: (I) U.S. 
patent 6497289, (2) Australian patent application AU-A- 164 17/00, (3) U.S. patent 
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^ 6823937, (4) U.S. patent 63281 13, (5) U.S. patent 6640903, (6) U.S. patent 6568471, 

Q (7) U.Slpment 6575240, (8) U.S. patent 6557640. (9) as. patent 6604763, (10) 

vo International patent appUcation WO 01/04535, (II) International patent applic^^^^ 

WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012. (14) U.S. patent 

r4 5 application US-A-2003-OI21S58,(lS)U.S.patent8pplicationUS-A-2004-0033906, 

S (16) U.S. patent application US-A-20b3-01 16325, toid (17) U.S. patent q>pllcation US- 

ON A-2004-004S718, the disclosures of which are incorporated herein by reference. 

8 



10 



As illustrated in Fig. lb, in a {mferred embodiment* during placement of the 
apparatus 100 within die wellboze 10, fluidic materials 16S within the wellbore 10 are 
conveyed through the apparatus 100 through the passages 110, 120 and 145 to a 
location above the apparatus 100. In this manner, surge pressures during placement of 
the apparatus 100 within the wellbore 10 are reduced. In a preferred embodiment, the 
apparatus 100 is initially positioned within the wellbore 10 such that the top portion of 
the tubular member 155 overlaps with the preexisting casing 15, In this manner^ the 
15 upper portion of the expandable tubular member 155 may be radially expanded into 
contact with and coupled to the preexisting casing 15, As will be recognized by 
persons having ordinary skill in the art, the precise initial position of the expandable 
tubular member 155 will vary as a function of die iBuoiount of radial expansion, the 
amount of axial shrinki«e during radial expansion, and the material properties of the 
20 expandable tubular member. 

As illustrated in Fig. Ic, a fluidic material 170 may then be injected dirough the 
apparatus 100 through die passages 110, 120, and 145 h order to test the proper 
operation of these passages. 

As illustrated in Pig. Id, a hardenable lluidic sealing material 175 may then be 
25 injected through the apparatus 100 through the passages 110, 120 and 145 into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 135 and expandable tubular member 155. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
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^ several altonative embodiments, the injection of the hardenable fluidic sealing material 

Q 175 may be omitted. In several alternative embodimeiits. the hardenable fluidic sealing 

^ material 1 75 Is compressible, before^ during and/or after, the curing process. 

As illustrated in Fig. 1 e, a non-hardenable fluidic material 1 80 may then be injected 

CS S into the q>paratus through the passages 1 1 0 and 1 20. A ball plug 1 85, or other 

O 

oo 

ON 

rs> 

8 
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sinular device, may then bo injected with the fhiidic material 1 80 to thereby swd off the 
passage 145. Id this numner, the legion 150 maybe pressurized by fte ccmtimjed iqjeotuin 
of the flddic material 180 faito the apparatus 100. 

As iOuatiated in Fig. 1( the eontiiioed ngection of the fluidic material 180 into the 
5 f^aratualOOcauBeaCheexpaDsicmooDelauzidtoU^ 

155 to be plastically defi»med and radiany expoaded offof the over-expfiosion sleeve 130. 
In this maraier, fee expansion cone 1 15 and ovcr-cxpaEBdon sleeve 130 are displaced 
relative to tixe expanaiixi cone launcher 135 and expandable tubular member 155 in the 
axial directi<Mi. 

10 ^ftfr fl ^t^ftfmrmintiA ftime period and/or after a picdctmtined axial displacement 

of the escpaosion cone 115 relative to the eoqiansion cone launcher 135 and es^andable 
tubular member 1 55, ti» over-aqpaofiion sleeve 130 may be removed team the outer 
conical surface 125 of the expanMon cone 115 by the Implication of apredeterii^ 
upward shock load to the support member 1 05. In a preferred embodiment, the shock load 

15 cansea the teigil>leoveT<^pansiDn sleeve 130 to jGracture into 

forced off of the outer conical surface 125 of the expansion cone 1 15 by the contmued 
prcssurization of the legion 150. Jh a piefenedaabodimont, the pieces of the over- 
expansion sleeve 1 30 are pulverized into grains of material by the contmued inressurization 
oftfaeiegtcm 150. 

20 Referring to Pig. 1^ following the removal of the frangible over-expansion sleeve 

130, the contimwd pressurizatlon of the region 150 causes the expandable tubular member 
155 to be plastically deformed and radially expanded and extruded off of the outer conical 
aurftce 125 of the expansion cone 115. Note that (he amount ofradiaieaqitanBion provided 
by the outer conical snrfice 125 of expaQ8i<m cone 1 1 5 ia less ttian the amount of radial 

25 eacpanrion provided by the combination of the oYer-«xpansion 8 

expansion cone 115. In this manna; as illustrated inKg. l]i» a recces 185 is ^unied in the 
radially expanded tubular member 155. 

After completing the plastic deformation and radial expansion of the tubular 
member 155, the hardenable fluidic sealing material is allowed to cure to thetdby form an 

30 annnlar body 190 that piovidoa a bazrier to fluid flow into or out of Uie wallbore 10, 

Referring to Fig. li, the shoe 140 may tfien removed by drillmg out the shoe uai^ 
a conventionat drilling device. A new section of the wellboie 10 may also be drilled out in 
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order to permit additional wpandable tubular members to be coupled to the bottom 
Q portion of the plastically deformed and radially expanded tubular member 1SS. 

^ Referring to Fig. Ij, a tubular member 200 may then be plastically deformed 

and radially ^anded using any numb^' of conventional methods of radially 

CM S expanding a tubular member. In a piefeiied embodiment, the upper pc^ion of the 

O . 

00 radially expanded tubular member 200 overlaps with and mates with the recessed 

^ portion I8S of the tubular member 155. In a preferred embodiment, one or more 

Q sealing members 205 are coupled to the exterior surface of the upper portion of the 

^ tubular member 200.- In a prefenred embodiment, the sealnig members 205 seal the 

1 0 interface between the upper portion of the tiibular member 200 and the recessed portion 
18S of the tubular member 155. In several alternative embodiments, the sealing 
members 205 may include elastomeric elements and/or metallic elements and/or 
composite elements. In several alternative embodiments, one or more anchoring 
elements may substituted for, or used in addition to, the sealing members 205. In a 
15 preferred embodiment, an annular body 210 of a hardenable flu idic sealing material is 
also formed around the tubular member 200 using one or more conventional methods. 

In a preferred embodiment, the tubular member 200 is plastically deformed and 
radially expanded, and the annular body 210 is formed using one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent 6497289, (2) 
20 Australian patent application AU-A-16417/00, (3) U.S. patent 6823937^ (4) U.S. patent 
63281 13, (5) U.S. patent 6640903, (6) U.S. patent 6S68471, (7) U.S. patent 6575240, 
(8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) International patent application 
WO 01/04535, (11) Intennational patent application WO 01/33037, (12) U.S. patent 
6564875, (13) US. patent 6695012, (14) U.S. patent application US-A-2003-0121558, 
25 (IS) U.S. patent application US'A-2004*0033906, (16) U.S. patent application US-A- 
2003*0116325, and (17) U.S. patent application US-A*2OO4-0O45718, die disclosures 
of which are incorporated herein by reference. 
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In an alternative embodiment, (he annular body 210 may be omitted* In several 

Q alternative embodiments, the annular body 210 may be radially compressed before* 

^ during and/or after curing. 

Referring to Fig. Ik, an expansion cone 2IS may then be driven in a downward 

<N S direction by fluid pressure and/or by a support member 220 to plastically deform and 
O 

oo radially expand the tubular member 200 such that the interior diameter of the tubular 

^ members ISS and=200 are substantially equal. In this manner, as illustrated in Fig; II, a 

^ mono*diameter wellbore casing may be formed. 

^ Refenrlng to Figs. 2a and 2b, in an alternative embodimoit, an apparatus 300 for 

10 radially expanding a tubular member may then be positioned within the wellbore 10. 
The apparatus 300 includes a tubular support member 305 defining a passage 310 for 
ccmve^ng fluidic materials. An expansion cone 315 defining a passage 320 and 
having an outer conical surface 325 for radially expanding tubular members is coupled 
to an end of the tubular support member 305. An annular conical over-expansion insert 

15 330 mates with and is removably coupled to die outer conical surface 325 of the 
expansion cone 315. 

An expansion cone launcher 335 is movably coupled to and supported by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone launcher 
335 includes an upper portion having an upper outer diameter, an tetermediate portion 

20 that mates with the expansion cone 315 and the over-expansion insert 330, en a lower 
portion having a lower outer diameter. The lower outer diameter is greater than the 
upper outer diameter. A shoe 340 defming a valveable passage 345 is coupled to the 
lower portion of the expansion cone laimcher 335. In a preferred embodiment, the 
valveable passage 345 may be controllably closed in order to fluidicly bolate a region 

25 350 below the expansion cone 315 and bounded by the lower portion of the expansion 
cone launcher 335 and the shoe 340 from the region outside of the apparatus 3O0. 

In a preferred embodiment, as illustrated in Fig. 3, the over-expansion insert 330 
includes a plurality of spaccd-apart arcuate inserts 330a, 330b, 330c and 330d that are 
positioned between the outer conical surface 325 of the expansion cone 315 and the 
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inner sur&ce of the intermediate portion of the expansion cone launcher 335* In ttus 
manner, the relative axial displacement of the expansion cone 3 IS and the expansion 
cone launcher 33S will cause the expansion cone to over-expand the intermediate 
portion of the expansion cone launcher. In this manner, a recess may be formed in the 
ladiaily expanded expansion cone launcho: 335. In several alternative embo<fiments» 
the inserts 330a, 330b, 330c, and 330d fioll out of the recess and/or are removed from 
the recess using a conventional retrieval tool upon the completion of the radial 
expansion process* 

In an aJtemative embodiment, as illustrated in Fig. 3a, the over expansion insert 
330 further includes btcrmediatc resilient members 331ft, 331b, 331c, and 33 Id for 
rcsiliently coupling the inserts 330a, 330b, 330c, and 330d. In this manner, upon the 
completion of the radial expansion process, the resilient force exerted by the resilient 
members 331 causes the over-expansion insert tQ collapse in the radial direction and 
thereby fall out of the recess. 

An expandable tubular member 355 is coupled to the upper portion of the 
expansion cone launcher 335. One or more sealing members 360a and 360b are 
coupled to the exterior of the upper portion of die expandable tubular member 355. In 
several altematiYe embodiments, the sealing members 360a and 360b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 360a and 360b. 

In a preferred embodiment, the support member 305, the expansion cone 315, 
the expansion cone launcher 335, the shoe 340, and the expandable tubular member 
355 are provided substantially as disclosed in one or more of the following: (I) U.S. 
patent 6497289, (2) Australian patent application AU-A- 16417/00, (3) U.S. patent 
6823937. (4) U.S. patent 6328113, (5) U.S. patent 6640903, (6) U.S. patent 6568471, 
(7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) 
International patent application WO 01/04535, (11) International patent application 
WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) U.S. patent 
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q>plication US-A-2003-0121SS8, (IS) U.S. patent application US<A-20(M-0033906, 
(16) U.S. patoit aiqsllcatlon US-A*2003-01 16325, and (17) U.S. patent application US- 
A-2O04-O04571K, the disclosures of which are incorporated hereiil by reference. 

As illustrated in Fig. 2b, in a preferred embodfanent, during placement of the 
apparatus 300 within the wellbore 10, fluidic materials 365 vrithin the wellbore 10 are 
conveyed through the apparatus 300 through the passages 3 10, 320 and 345 to a 
location above the ^jparatus 300. In this manner, suige pressures during placement of 
the apparatus 300 widiin the wellbore 1 0 are reduced. In a preferred embodiment, the 
apparatus 300 is initially positioned within the wellbore 10 such that the top portion of 
the tubular member 355 overlaps with the preexisting casing 15. In this manner, the 
upper 
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portion of tho ex|>and£blc tubular meinbcr 355 maybe radially expanded into contact wiA 
and coupled to the preexisting casing 1 5. As will be Tecogoized by pcnons having 
ozdinaiy sIdU in the art; the predse initid posLticm of 

will vary as a fiincdon of the amount of radial expansion^ the amount of axial shrinkage 
5 during ludial expaosioa and the material piopertieB of the expandable tubular member. 

As illustrated in Fig. 2c^ a ihiidic material 370 may then be injected thiou^ the 
apparatus 300 tlirough the passages 3 10, 320, and 345 in order to test the proper operation 
of these passages. 

As iOostrated InFig. 2d» ahaidonable fluidic scaling matccial 375 noay Uicnbo 
10 injected tioough tiie apparatus 300 flirDUgh the passages 310, 320 and 34i5 into the annahu 
between the i^aralus and the wdlbore 10: hi this mannor, an annular bairier to fluid 
migration into and out of the wellboro 10 may be formed around the radiaUy expanded 
expansion cone launcher 335 and expandable tubular member 355. The haidenable fluidie 
. sealingmaterial may include, for example, a cement mixture. In several alternative 
1 5 embodiments, the injectioii of the hardenable fluidic sealing material 375 may be omitted, 
hi several altemative embodiments, the hardenable fluidic sealing material 375 is 
compresaibLe, before^ during and/or after, the curing process. 

As illustiBted in Fig. 2c, a non-hardenable fluidio material 380 may then be 
injected into the apparatus through the passages 310 and 320. A ball plug 385, or other 
20 similar device, m^&en be injected with the fhiidic material 380 to th&e^ 

passage 345. b this manner, the region 350 may be pressurized by the continued injection 
of the fluidic material 380 hito the apparatus 300. 

As iliustrated in Fig. 2f, the continued injection of the fluidic material 380 into &e 
apparatus 300 causes the expsnam cone launcher 335 to be plastically deformed and 
25 radially expanded ofTof the over-expansion insert 330. In this manner, the expansion cone 
315 is displaced rolatiYo to the expansion cone launctAr 335 and expandable tubular 
member 355 m the axial direction. 

Once the radial expansion process has progressed beyond die over-expansion insert 
. 330, the radial expansion ofdM expansion cone hiundier 335 and expandable t^^ 
30 mranber i355 is provided solely by the outer conical surface 325 of the eixpaosion cone 3 15. 
. Note that the amount of radial mansion pTovided by the outer conical suriace 325 of 
expansion cone 3 1 5 is less than &e amount of radial eiqiansion pnnrided by the 
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combination of Iho over-cxpansion insert 330 and iho oxpacdon cono 315. h, Ibis msxma^ 
as illustrated in Fig. 2g, a recess 390 is foimcd in the radiitlly expanded tubular member 
355. 

hi several ahenmtive embodimfiDlB, the over-eacpansicm insert 330 is removed from 
5 On leocas 390 by iUling out end/or renx>vd using a o(Hiveb Jnm 
altematlYe embodimoit, the resilient force provided by the resiiienl manbers 33 la, 331b, 
331c, and 331d cause ibo insert 330 to coHq^se in the radial direction and thcrd>y fall out 
of the recess 390. in an alternative embodiment, as illustrated in Fig. 4, one or mors 
. resilient hooks 395a and 395b are coupled to the bottom of the o)q>ansion cone 315 for 
10 retrieving tihe over-expanaioii insert 330 during or after the coa^letioia of the radial 
expansion process. 

After oompieting tiie plastie defqmution and radial expansion of fhe tubidar 
member 355| the hardenable fluidic sealing material is allowed to cure to thereby form an 
eraiular body 400 that provides a barrier to fluid flow into or out of the wellbore 10. 

1 5 Referring to Fig. 2h, the shoe 340 may then reaax>ved by drilling out the shoe using 

a oonventional drilling device. A new section of the wellboie 10 may also be drilled out in 
order to pemiit additional cKpandable tubular menibere to be coupled to the bottom portion 
of the plastically deformed and radially expanded tubular member 355. 

Keferring to Fig. 2j, a tubular member 405 may thexi be plastically deformed and . 

20 radially expanded using any number of conventiQnal methods of radially expanding a 
tubular member. In a preferred embodiment, the upper portion of the radially expanded 
tubular member 405 overl^s with and mates widi the recessed portion 390 of the tubular 
member 355. Ma.preferTed«xd[)odhnQat, one or more sealing meinbers^^^ 
iheexteriorsur&ceof the upperportionofthe tubular mmber 405. laapreferred 

25 embodiment; the sealing members 410 seal Uie interface between the uypper portion of the 
tubular member 405 and the recessed portion 390 of die tubular member 355. In sfivetal 
alternative onbodiments, the sealing members 410 may include elastomeric elements 
and/or metallic elements and/or composite elements. In several alternative embodiments, 
one or more anchoring elements may substituted for, or used in addition to, the sealing 

30 members 410. hi apreferred oinbodunent, m annular body 415 of a hardenable fluidic 
sealing material is also &nned around the tubular member 405 using one or mare 
conventioiul methods. 
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In a preferred embodiment, the tubular member 405 is plastically deformed and 
radially expanded, and die annular body 41 S is formed using one or more of the 
apparatus and methods disclosed in the following: (I) U.S. patent 6497289, (2) 
Australian patent application AU-A-16417/00, (3) U.S. patent 6823937, (4) U.S. patent 
6328113, (S) U.S. patent 6640903, (6) U.S. patent 6S6847I, (7) U.S. patent 6S75240, 
(8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) International patent qiplication 
WO 01/04535, (11) Intemadonal patent application WO 01/33037, (12) U.S. patent 
6564875, (13) U.S. pat^t 6695012, (14) U.S. patent appKcattcm US-A-2003-O121S58, 
(15) U.S. patent application US-A-2004-0033906, (16) U.S. patent application US-A- 
2003-01 16325» and (17) U.S. patent application US-A-2004-0045718, the disclosures 
of which are incorporated herein by reference. 

In an alternative embodiment, the annular body 41 S may be omitted; In several 
alternative embodiments, the annular body 415 may be radially compressed before, 
during and/or after curing. 

Referring to Fig. 2j, an expansion cone 420 may then be driven in a downward 
direction by fluid pressure and/or by a support member 42S to plastically deform and 
radially expand the tubular member 405 sujch that the interior diameter of the tubular 
members 355 and 405 are substantially equal. In this manner, as ilhistrated in Fig. 2k, 
a mono-diameter wellboie casing may be formed. 

Referring to Figs Sa-5b, in an alternative embodiment, a tubular member 500 
having a shoe 505 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional methods. An annular body of a fluidic sealing material 510 may also be 
formed around the tubular member 500 using any number of conventional methods^ In 
a preferred embodiment, the tubular member 500 is plastically deformed and radially 
expanded and the annular body 510 is formed using one or more of the mediods and 
c^paratus disclosed in one or more of the following: (1) U.S. patent 6497289, (2) 
Australian patent application AU-A- 164 17/00, <3) U.S. patent 6823937, (4) U.S. patent 
6328113, (5) U.S. patent 6640903, (6) U.S. patent 6568471, (7) U.S. patent 6575240, 
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(8) U.S. patent 6SS7640, (9) U.S. patent 6604763, (10) International patent application 
WO 01/MS3S, (11) International patent application WO Ql/33037, (12) U.S. patent 
6564875/(13) US. patent 6695012, (14) U.S. patent application US-A-2003-01215S8, 
(15) U.S; patent application US-A-2004-0033906, (16) U.S. patent application US*A- 
2003-0116325, and (17) U.S. patent q>plication US-A-2004-004S718, the disclosures 
of which are incorporated herein by reference. 

In several alternative embodiments, tiie annular body 510 may be omitted or 
may be compressible before, during, or after curing. 

Referring to Figs. 5c and 5d, a conventional inflatable bladder 515 may then be 
positioned within the tubular member 500 and inflated to a sufTicient operating 
pressure to plastically deform and radially expand a portion of the tubular member to 
thereby form a recess 520 in the tubular member. 

Referring to Figs. 5e and 5f, the inflatable bladder 515 may then be removed 
and the shoe 505 drilled out using a conventional drilling device. 

Referring to Fig. 5g» an additional tubular member 525 may then be plastically 
deformed and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-diameter 
wellbore casing. Before, during or after the radial expansion of the tubular memb^ 
S25, an annular body 530 of a fluldic sealing material may be formed around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several alternative embodiments, the inflatable bladder 515 may be coupled 
to the bottom of an expansion cone in order to permit the over-expansion process to be 
performed during the radial expansion process implemented using the expansion cone. 

Referring to Figs 6a-^b, in an alternative embodiment, a tubular member 600 
having a shoe 605 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional methods. An annular body of a fluldic sealing material 610 may also be 
formed around the tubular member 600 using any number of conventional methods. In 
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a preferred embodiment, Ae tabular member 600 is plastically deformed and radially 
expanded and the annular body 610 is formed using one or more of the methods and 
apparatus disclosed in one or more of the following: (1) U S, patent 6497289, (2) 
AustraKan patent application AU.A.16417/00, (3) V.8. patent 6823937. (4) O.S. patent 
5 63281 13. (5) US. patent 6640903, (6) U.S. patent 6568471, (7) VS. patent 6575240, 
(8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) International patent application 
WO 01/04535, (11) International patent qsplicadon WO 01/33037, (12) U-S. patent 
6564875, (13) U.S. patent 6695012, (14) U.S. patent application US-A.2003-0121558, 
(15) US. patent application US-A-2004-0033906, (16) U.S. patent application US-A- 
10 2003-01 16325, and (17) U.S. patent application US-A-20C4-0045718, the disclosures 
of which are incorporated herein by reference. 

In several alternative embodiments, the annular body 610 may be omitted or 
may be compressible before, during, or after curing. 

Referring to Figs. 6c and 6d, a conventional roller expansion device 615 may 
15 then be positioned v^rithin the tubular member 600 and operated in a conventional 
manner apply a radial force to the interior surface of the tubular member 600 to 
plastically deform and radially expand a portion of the tubular member to thereby form 
a recess 620 in the tubular member. As will be recognized by persons having ordinaiy 
skill in the art, a roller esqiansion device typically utilizes one or more roUeis that, 
20 through rotation of the device, apply a radial force to the interior sur&ces of a tubular 
member. In several alternative embodiments, the roller expansion device 615 may 
include eccentric rollers such as, for example, as disposed in US. Pat Nos. 5,014,779 
and 5.083,608, the disclosures of which are incorporated herein by reference. 

Referrmg to Figs. 6d and 66, the roller expansion device 615 may then be 
25 removed and the shoe 605 drilled out using a conventional drilling device. 

Referring to Fig. 6f, an additional tubular member 625 may then be plastically 
deformed and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-diameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
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625, an annular body 630 of a fluidic sealing material may be formed around the 
tubular member in a conventional mann^ and/or by using one or more of the methods 
and q>paratus described above. 

In several alternative embodiments, the roller expansion device 615 may be 
coupled to the bottom of an expansion cone in order to peimit the over-expansion 
process to be performed during the radial ^pansion process implmented using tiie 
expansion cone. 

Referring initially to Fig. 7a, a wellbore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientetion from the vertical to the 
horizontal. The preexisting wellbore casing 15 may be coupled to the upper portion of 
the wellbore 10 using any number of conventional methods. In a preferred 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
following: (1) U.S. patent 6497289, (2) Australian patent application AU-A- 164 17/00, 
(3) U.S. patent 6823937, (4) U.S. patent 6328113, (5) U.S. patent 6640903, (6) U.S. 
patent 6568471, (7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 
6604763, (10) International patent q>plication WO 01/04535, (1 1) International patent 
application WO 01/33037, (12) U.S. patent 6564875, (13) U,S. patent 6695012, (14) 
U.S. patent application US-A-2003-0121558, (15) U.S. patent application US-A-2004- 
0033906, (16) U.S. patent applicedon US-A-2003-01 16325, and (17) U.S. patent 
application US-»A-2004-004S7l8, the disclosutes of which are incoiporated herein by 
reference. More generally, the preexisting wellbore casing 15 may be coupled to 
another preexisting wellbore cadng and/or may include one or more concentrically 
positioned tubular members. 

Referring to Fig. 7b, an apparatus 700 for radially expanding a tubular member 
may then be positioned within the wellbore 10. The apparatus 700 includes a Uibular 
support member 705 defining a passage 710 for conveying fluidic materials. An 
expansion cone 715 defining a passage 720 and having an outer conical surface 725 for 
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ladially expanding tubular members is coupled to an end of the tubular support 
member 70S. 

An expansion cone launcher 735 is movably coupled to and supported by (be 
expansion cone 715. The expansion cone launcher 735 includes an uppor portion 73Sa 
having an upper outer diameter, an intermediate portion 735b that mates with the 
expansion cone 715, and a lower portion 735c having a lower outer diameter. The 
lower outer diameter is greater than the upper outer diameter. The expansion cone 
launcher 735 further includes a recessed portion 735d having an outer diameter that is 
less than the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion of 
the expansion cone launcher 735. In a preferred embodiment, the valveable passage 
745 may be controllably closed in order to fluidicly isolate a region 750 below the 
expansion cone 715 and bounded by the lower portion 735c of the expansion cone 
launcher 735 and the shoe 740 from the region outside of the apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 73Sa of the 
expansion cone launcher 73$. One or more sealing members 760a and 760b may be 
coupled to the exterior of the upper portion of the expandable tubular member 755. In 
several alternative embodiments, tiie sealing members 760a and 760b may include 
elastomeric elements and/or metallic elements and/or composite elemenu. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 76Qa and 760b. 

In a preferred embodimeiit, the support member 705, the expansion cone 715, 
the expansion cone launcher 735, the shoe 740, and the expandable tubular member 
755 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent 6497289, (2) Australian patent application AU-A-I6417/00, (3) US. patent 
6823937. (4) U.S. patent 63281 13, (5) U.S. patent 6640903. (6) U.S. patent 6568471, 
(7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) 
International patent application WO 01/04535, (11) Intemadonal patent application 
WO 01/33037, (12) U.S, patent 6564875, (13) U.S. patent 6695012, (14) U.S. patent 
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application US-A-2003-0121558. (15) U.S. patent application US-A-26O4-0033906. 
(16) U.S. patent application US-A-2003*01 1632S, and (17) U.S. patent application US- 
A-2004-004S71 8, the disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 7b, in a preferred embodiment, during placement of the 
apparatus 700 within the wellbore 10, fluidic materials 765 within the wellbore 10 are 
convcsyed through the apparatus 700 through the passages 710, 720 and 745 to a 
location above the q)paratus 700. In this manner, surge pressures during placement of 
the apparatus 700 withm the wellbore 10 aie reduced. In a prefenred embodiment, the 
apparatus 700 is initially positioned within the wellbore 10 such that the top portion of 
the tubular member 755 overlaps with the preexisting casing 15. In this manner^ the 
upper portion of the expandable tubular member 755 may be radially expanded into 
ccmtact with and coupled to the preexisting casing IS. As will be recognized by 
persons having ordinary skill in the art, the precise initial position of the expandable 
tubular member 755 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
expandable tubular member. 

As illustrated in Fig. 7c, a fluidic material 770 may then be injected through the 
Eq)paratus 700 through the passages 710, 720, and 745 m order to test the; proper 
operation of these passages. 

As illustrated in Fig. 7d, a hardenable fluidic sealing material 775 may then be 
injected through the apparatus 700 through the passages 710, 720 and 745 into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migratiori into and out of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 735 and expandable tubular member 755. The 
hardenable fluidic sealing material m^ include, for example, a cement mixture. In 
several alternative 
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embodiments, the mjection of the hardenable fluidic sealing material 775 may be omittodL 
In several alteimtive embodiments, ibe hardenable fhiidia sealfaig material 775 is 
eoinpresBible, before* diuing and/or after, the curing process. 

As illuBtiated in Hg. 7e» a non-haidenablo finidk material 780 tb«Q be 
5 injected into flie apparatus (hious^thopasM^ 710 and 720. A ball ping 785, or otb^ 
similar device^ may then be injected with tiie fluidio material 780 to thereby seal off the 
passage 745. Ihthi8manner,theiegLOA750maybepiessuiizedl^thecontiniiediij 
of tiie fluidic noaterial 780 into the apparatus 700. 

As illustrated m Figs. 7f and 7g, tbie continued iiijecdon of the fluidic material 780 
1 0 into the apparatus 700 canses the expansicm cone launcher 735 and expandable tubular 
member 755 to be plastically defimned and radially eiqpandod offof the expan^on cone 
715/ Tho icsultiqg structure inchides a lip 790. 

After conflicting the plastic deformation and radial expansion of the tubular 
member 755, the hardenable fluidic sealing material is allowed to euro to thmby form an 
15 ammlar body 795 that provides a barrier to fluid flow into or out of the wellbore 10. 

Rcfcxring to Fig. 7h, the shoe 740 may dien removed by drilling out the shoe usiiig 
a conventicmai drilling device. A new section of the wdlbore 10 may also be drilled ont in 
order to permit additional expandable tubular membeis to be coupled to the bottom portikm 
of the plastically defbrnied and radially expanded tubular monber 755. 
20 Referring to Fig. 7i, an additional tubular member 800 may then be plastically 

de^yimed and radially expanded in a conventional manner and/or by using one or more of 
the methods and qspaiBtus described above in order to &nn amono-diametcc wdlbOTo 
casing. Bcf6re» during or after the radial expan8i<»i of the tubular member 800, an amxulBr 
body 805 of a ihudic sealingmaterial maybe fixrmed around the tabular member in a 
25 conventional manner and/or by usmg <mB or more of the methoda and ^aratus desoribed 
above. In apreffarred embodiment^ the Up 790 ikdlitates the coupling of the tubular 
member 800 to the tubular member 755 by providing a regron on which the tubular 
member 800 may be easOy coupled onto. 

Refecring to Fig. 8a, in on alternative embodiment, a wellbore 10 includes a 
30 preexisting section of wellbore casmg IS and 900. The wellb«e casing 900 includes 
8ea]ingmmbers905aand905bandar6ces8 910. AnBmmlarbody915 ofaftuldio 
sealing niatoial may also be provided around the casing 900. The casing 900 and anniilar 



-36- 



body 9 IS may be provided using any number of conventional methods, the methods 
described above, anchor using one or more of the methods disclosed in the following: 
(1) U.S. patent 6497289, (2) Australian patent application AU*A-164 17/00, (3) U.S. 
patent 6B23937, (4) U.S. patent 6328113. (5) U.S. patent 6640903, (6) U.S. patent 
6568471. (7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763, 
(10) International patent application WO 01/04535, (11) International patent 
application WO 01/33037, (12) U.S. patent 6S6487S, (13) U.S. patent 6695012, (14) 
U.S. patent application US-A-2003-0121558, (15) U.S. patent ^iplication US-A-2004- 
0033906, (16) U.S. patent application US-A*2003-0116325» and (17) U.S. patent 
application US«A*2004-0045718, the disclosures of which are incorporated hereb by 
reference. 

Referring to Fig. 8b, an apparatus 1000 for radially expanding a tubular member 
is then positioned within the wellbore 10 that includes a tubular support member 1005 
that defines a passage 1010 for conveying fluidic materials. A hydraulic locking 
device 10 IS that defmes a passage 1020 for conveying fluidic materials that is fluidicly 
coupled to the 
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passage 1010. The lockmg device 1015 further includes inlet passages, 1020a and 1020b, 
actuatiDg chfimbeis, 1025a and 1025b» andloddng mambcn, 1030a and 1030b. Durii^ 
operation, the hijectionof flnidic tnatedals into the actuating chamborB, iQ25a and 1025b, 
canses ffae locidag menibars, 1030a and lO30b» to be displaced outwaxdly in (ho xadial 
5 diiectkm. In this manner, the ioddng device 1015 may be controllably coupled to a 
tubular member to ther^y maintain the tubular member m a substantially stationary 
position. As will be recognized by persons having ordinaiy skill in the art, the openting 
pressures and physical shape of the inlet passages 1020, actuating chambears 1025, end 
locking members 1030 'will determine itt maxhnum amount of holding force provided by 
10 the Ioddng device 1015. In seveial alternative embodimaits, fiuidic materialB maybe 
h\jected Qito the loddcg device 1015 using a dedicated fhiid passage in 0^^ 
precise control of the locking device. In several alternative embodiments, the locking 
device 1015 may be omitted and the tubukr support member 10O5 coupled directly to the 
tubular support member 1035. 

1 5 One end of a tubular support mjember 1035 that defines a passage 1040 is coaled 

to the bdkii^ device 1015. The pass^e 1040 is fluidibly co)q>led to the passage 1020. 
An expansion cone 1045 that defines a passage 1050 and includes an 6uter conical m&ct 
1055 is ooi^led to another end ofihetiibular support monber 1035. An 63q)BnsiozL cone 
launcher 1060 is movably coupled to and supported by the expansion cone 1045. The 

20 expansion cone launcher 1060 inchides an upper portion 1 060a having an upper outside 
diameter, an intermediate portion 1060b that mates with &e expansion cone 1045, and a 
lower portion 10(i^ having aloweroutsidediameter. The lower outside diameter is 
greater than the upper outside diameter. 

A ahoe 1065 that defines a valveable passage 1070 is coupled to the lower portion 

25 1 060c of the expansion cone launcher 1 060. hi this manner, a region 1 075 below the 

expansion cone 1045 and bounded by the expansion cone launcher 1060 and the shoe 1065 
maybe pressurized and fbiidicly isolated from the annular region between the apparatus 
1000 and the wellbore 10. 

An expandable tubular member 1080 is coi^led to the upper portion of the 

30 esqumsion cone launcher 1 060. in several alternative embodiments, one or more sealing 
members are coupled to the racteiior of ^ upper portion of the flxpandahle tubular 
member 1080. in several attemative embodimaits, the sealing members may include 



-38- 



elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring dements may substituted for, or used 
in addition to, the sealing members. 

An expansion cone 1085 defining a passage 1090 for recei\1ng the tubular 
support member 1005 includes an outer conical surface 1095. A tubular support 
member 1100 defining a passage 1105 for receiving the tubular support member 1005 
is coupled to the bottom of the ^pansion cone 1085 for supporting and actuating the 
expansion cone. 

In a prefbired embodbnent, the support members 1005 and 1035» the expansion 
cone 1045, the expansion cone laimcher 106O, the shoe 1065, and the expandable 
tubular member 1080 are provided substantially as disclosed in one or more of the 
following: (1) U.S. patent 6497289, (2) Australian patent application AU-A-1 6417/00, 
(3) US. patent 6823937, (4) U.S. patent 6328113, (5) U.S. patent 6640903, (6) U.S. 
patent 6568471, (7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 
6604763, (10) International patent application WO 01/04535, (11) International patent 
application WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) 
U.S, patent application US-A-2003-0121558, (15) U.S. patent application US-A-2004- 
0033906, (16) U.S. patent application US-A-2003-01 16325, and (17) V.S. patent 
application US-A-20044045718, the disclosures of which are incorporated hereiA by 
reference. 

As illiistrated in Fig. 8b, in a preferred embodiment, during placement of the 
apparatus 1000 within the wellbore 10, fluidic materials IMQ within the wellbore 10 
are conveyed through the apparatus 1000 through the passages 1010, 1020, 1040 and 
1070 to a location above the apparatus 1000. In this manner, surge pressures during 
placement of the apparanis 1000 within the wellbore 10 are reduced. In a preferred 
embodiment, the apparatus 1000 is initially positioned withb the wellbore 10 such that 
the top portion of the tubular member 1080 overlaps with the recess 910 of the 
preexisting: casing 900. In this manner, the upper portion of the expandable tubular 
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member 1080 may be radialty ^panded into contact with and coupled to the recess 910 
Q ofthe preexisting casing 900. 

g As illustrated in Fig. 8c, a fluidic material 1115 may dien be injected through 

the apparatus 1000 through the passages 1010, 1020, 1040, and 1070 in order to test the 
5 proper operation of these passages. 

O 

M As illustrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may then be 

^ injected throu^ the ^paratus 1000 through the passages 1010, 1020, 1040, and 1070 

Q into the annulus between the apparatus and the wellbore 1 0. In this manner, an annular 

^ barrier to fluid migration into and out of the wellbore 10 may be formed around the 

10 radially expanded expansion cone launcher 1060 and expandable tubular member 
1080. The hardenable fluidic sealing material may include, for example, a cement 
mixture. In several alternative embodiments, ttw injection of the hardenable fluidic 
sealing material 1120 may be omitted, In several alternative ranbodiments, the 
hardenable fluidic sealing material 1 120 is compressible, before, during and/or after, . 
IS the curing process. 

As illustrated in Fig 8e, a non-hardenable fluidic material 1 125 may then be 
injected into the apparatus 1000 through the passages 1010, 1020 and 1040/ A ball 
plug 1 1 30, or other similar de^ce, may then be injected with the fluidic material 1 125 
to thereby seal off the passage 1070. In this manner, the region 1075 may be 
20 pressurized by the continued iiyection of the fluidic material 1 125 into the apparatus 
1000. Furthermore, in this manner, the actuating chambers, 1025a and 1025b, ofthe 
locking device 1015 may 
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be pressurized, In this manner^ the tubular momber 1080 may be held in a substantiaily 
statianaiy podtioD by the locking device 1015. 

As illustrated in Fig. 8f« the expansion cone 1085 may then be actuated in the 
downmid directionby a direct application of axial fi>xco using die anppoitmanber UOO 
5 azid/Qrtim}vgh the q;)plication of Md force. Hie axial diaplacemmt of the expanEdon 
cone 1 085 may plastically deform and radially expand the upper portion of tfid expandable 
tubular member 1080. In this mamicr, the upper poition of the cxpazulable tubular 
member 1080 may be precisely coi^iled to die recess 910 of the prccxistmg casing 900. 
Duiing iho downward actuation of the expansion cone 1085, the locking member 
ID 1015 prefaiftbtypreveDla axial displacement of die tubular membec 1080. In a piefbRCd 
embodimeni; tiie locking member 1015 is positioned proxinrate the upper porticm of die 
tubular member 1080 in cxda to prevent buckling of (he tubular mcmbw 1080 during the 
radial expansion ofthcuppcrpoition of &B tubular member. In an alternative 
embodiment, the locking member 1015 is omitted and the interference between die 
15 intermediate poitionl060b of the expansion cone launcher 1060 and the expansion cone 
1045 prevents the axial displacement of the tubular member 1080 during the radial 
expansion of the iqiper portion of the tubular member. 

As illustrated in Fig. 8g, the expansion cone 1085 and 1100 may then be raised out 
ofdiewellborelO. 

20 As lUufltrated in Fig. 8h, the continued injection of the fluidic material 1 125 into 

the apparatus 1000 may then cause the expansion cone launcher 1060 and die expandable 
tubular msnbcr 1080 to be plastically deformed and radially expanded off of the 
expansion cone 1045. In this manner, the expansion cone 1045 is displaced relative to the 
expansion cone laundier 1060 and expandable tubular member 1080 in the axial direction, 

25 hkB, pEcfened embodiment, the axial ibices oeatcd during die radial expansion process are 
greats than the axial forces generated by die locking device 1015. As will be recognized 
by persons having ordinary skill in the art, the precise relationshipi between tiiese axial 
forces will vary as a &nctio«i of the operating diaracteiistics of the locking device 1015 
and the metallurgical prqierties of the expansion cone launcher 1060 and expandable 

30 tubular 1080. ^ an alternative embodiment, the operating pressures of the actuating 

charoberB, 1025a and 1025b, and the r^on 1075 are separately controllable by providing 
separate and dedicated Huid passages for pressurizing each. 
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As illustrated in Fig. Si, after completing the plastic defonnatioii sad radial 
eocpBiision of fhe tubular member 1080; the bardenable fluidic sealing material is allowed 
to cure to thereby fbm an annular body 1 1 30 that provides a barrier to flnid flow into or 
out of the weinx)re 10. !Ihe shoe 1065 may then removed drilling 001*016 ahoe using a 
5 conventianal drilling device, A new section offbewellbore 10 may also be drilled out In 
otder to permit additional expandable tubular members to be coupled to the bottom portion 
of the plastically deforased and radially expanded tubular member 1 080. 

Li an ahemative embodiment, the annular body 1 130 may be omitted. In several 
alternative embodiments, the annular body 1 130 may be radially compressed be£ne^ 
10 dming and/or after curing. 

Rfifefring to Fig. 8j, the tubular member 1080 may be radially expanded ag^in 
using one or maro of the methods described above to provide an mono-diameter wdtborc 
casing. 

Referring to Fig. 98, a wdlbore 1200 iuciudes an i^>per preexisting casing 1205 
15 and a lower pieexistiAg casing 1^10. The casings, 1205 and 1210, may further include 

outer annular layers of flddic seaMng materials such as, for example, cement The ends of 

the casings, 1205 and 1210, are sepamted by a gs^ 1215, 

Referring to Fig. 9b, a tubular meniber 1220 may then be coupled to the opposing 

ends of the casings, 1205 and 1210, to thereby bridge the g^ 1215. Jn apxefenred 
20 embodiment, die tubular member 1220 is coupled to the opposing ends of the casings, 

1205 and 1210, by plastically de&nning and radially expanding the tubular member 1220 

ualtig one or inore of die mefliods and apparatus described and re&mnc^ 

lUfening to Fig, 9o^ a radial expansion device 1225 may then be positioned wit^ 

the tubular member 1220. In a pie&iredembodimeni, the length oftbe radial expansion 
25 deWcel225i8greatcr1hanorequaltothcaxia!leagtbofth6tubularm6mberl220, Li 

several alternative embodiments, the radial expanrion device 1225 may be any number of 

conventional radial expansion devices such as, for example, expansion cones actuated by 

hydraulic and/or direct axial force, roller expansion devices, and/or expandable hydraulic 

bladdCT. 

30 Referring to Figs. 9d and 9e, after actuation and subsequent dc-actuationan^ 

removal of tiie radial e9q>ansion device 1225, the inade diameters of the easily 
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1210» arc substantially equal to the inside diameter of the tubular member 1220, Id this 
suumer, am^iCHiiameter weObore casing may be fixmed* 

Refisnkg to Fig. a wellboie 1 300 intrudes aa dutff 
an imur tabular member 1310. biaprefimdembodtmeii^ the tubular mi^ 
5 1310, are plastically deformed and radially expanded using one or moie of the sootbods 
and ^paratuB described and referenced above. In dns manner, a wellbore casing may be 
provided whose burst and collapse strength may be precisely controlled by varying the 
number, thickness, and/or material properties of fbc tubular members, 1305 and 1310. 
RefeningtoFig. 11a, awellbore 1400 includes a casing 1405 tfiatiscoiipledtoa 
10 pieexiBtingcB8ingl410. lia a prefeexedembodiment» one or nion sealing member 
are Gotqiled to the exterior of the iq)perpoidon of the tubular monber 1405inoiderto 
optimally seal the interface between the tubular member 1 405 and the preexisting casing 
1410. In a preferred embodiment, the tubular member 1405 is plastically defbrmed and 
radially expanded using conventional methods and/or one or more of the methods and 
IS q)paratus described and referei2ced above* In an exicmplary anbodiment, the outside 
diameter of tiie tubular member 1405 prior to the radial expansion process is ODq, the wall 
thickness of the tubular member 1405 prior to the radial expansimi process is Iq, the 
outside diamet^ of the tubular member fbliowing the mdial co^ansion process is 0D|, and 
the wall thickness of the tubular member following the radial expansion process is t| . 
20 Refeaing to Big. 1 lb, a tubular member 1420 may ^ea be coupled to the lower 

pocti(Mi of the tubular member 1405 by plastically defonning and radially expanding the 
tubular member 1420 usiiig conveotioaal methods and/or one or more of the methods and 
Qiparstus described and referenced above. In a pre&rred embodiment, Che exterior sur&ce 
of the uppw portion of the tubular member 1420 includes one or more sealing members foot 
25 sealing the inter&ce betwe^ the tubular member 1420 and the tubular member 1405. 

Referring to Fig, 11c, lower portion of the tubular member 1405 and Ike tubular 
member 1420 maybe radially expanded again to provide a monO'^liameter wellbore 
casing. The additional radial expansion maybe provided ushig convoitional methods 
and/or one or more of to methods and i^pparatus described and lefecenoed above. In an 
30 exeo^laiy embodiment, the outside diameter and wall tfaicknesa of the knver portion of 
the tubular member 1405 aAer the additional radial expansion process are ODj and^ 
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Thoxadia] expansion process of Pigs. IIM Ic can then be repeated to provide a 
moso-diametcr wellboiiiB casii^tg of virtuaUy unllinited lengtib. 

Jn several attenutive enbodixiunta, tbe oxdenng of tiie radial cxpansicmB of fhe 
tubitfar members, 1405 imd 1420^1111^ be ohafiged. For exan^le^tfie first tubularmember 
5 1405 may bo plastically defotzned and radially expanded to provide a lower portion having 
the outside diameter OD, and the remaimng portion having the outside diameter QD|. The 
tubular member 1420 may then be plastically defianned and radially expanded one or more 
tbnes until tbe inside diametets of the tabular membefs, 1405 and 1420» are substantially 
equal The plasdo defbnnations and radial expansions of the tubdm: mcaoibers, 1405 and 
1 0 142(K may be provided usmg conyentional me&ods and/or one or more of the methods and 
apparatus desaibed and referenced above. 

In an exemplary embodiment, the total expansion strain E of fhe tubular membor 
1405 may be expressed by the following equation; 

E^{OD,-OD,)/OD, (1) 

15 vfhm QDo^^origmalotttaide diameter; 

0D| - outside diameter after 1 " radial expansion; and 
OD2 - outside diameter after 2'^ radial expan8i<«i. 
Purtfiemioro^ in an cxeropkxy embodiment, where: (1) the extorior surface of the 
i9>pcr pcxticm of the tubular member 1420 mcludes sealing members, and (2) the radial 
20 spadbg between tto tubular inember 1405 and the weinxNre 140^ 

expansion is equal to d, the outside diameters, ODj and ODx* of the tubular member 1405 
foBowmg fb» first and second radial expansions mi^ be expressed aa: 
0!Ci = 00^ + 2^+2/1 (2) 
OA = 0!A + 2-R+2#a (3) 

when ODo ^ the onginaloutsidediameteroftfae tubular member 1405; 
25 0D| - fhe outside diameter ofthe tubular member 1405 

following the first xadtal expansion; 
OD2 ■ the outside diameter of the tubular member 1405 

following &e second radial expansion; 
d " the radial spacing between the tubular member 1405 
30 and the wdlbore prior to the fiiBt radial expansion; 
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t] tho wall thickness ofthe tubular mcmbor 1405 after 

Cfao BrA radial expansion; 
t, - the waU thickness offhembular member 14(^afte^ 
the second radial oqrandon;: aid 
S ^ R ^ thetUckneseofsealiogmeniborpiDvidedcmtilie 

exterior sarface of the tubular locmber 1420. 
Purthemiore^ in an exemplary embodiment, for d aj^roximatety equal to 0.25 
inches and R (proximately equal to 0.1 inches, equation (1) can be approximated as: 

£=(or+3.7/o)/QDo (4) 

10 where ^ » the original wall thidmesa oftfae tubular member 

1405. 

In an exenqilaiy embodhnent, the total expansion strain of the tubular memb« 
140S should be less than or equal to 0.3 in order to maximize the burst and coll^se 
strength of the expandable tubular member. Therefore, torn equation (4) the ratio of the 
1 5 originaL outside diameter to the o4gmal wall Urickiuss (OD(/Q may be exprossed as: 

OI>o / > 3Z/{03 - 0.7 /Oi>o) (5) 

Thus, in a pref^red embodiment, for ODq less than 10 inches, the optimal ratio of 
the original outside diameter to the original wall thickness (ODo/to) may be expressed as: 

OD,/t,^l6 (6) 

20 in this manner, for typical tubular members, the burst and collapse strength of the 

tabular memberB following one or more radial expansions are maximized ^en the 
relationalup inequation (6) is satisfied. FbitheEmoie» the relatiozishipa e^qncessed in 
equations (1) through (6) are valid regardless of the order or type of the radial expansions 
of the tubular mraber 1405. More generally, the relationships expressed in equations (1) 

25 throui^ (6) may be applied to the radial expansion of structures having a wide range of 
profiles such as, for exan^e, triangalar, rectangular, and oval. 

An a^aratus for plastically defonning and iBdially expanding a tubular monber 
baa beoi described that inchides means fi>r plasticalfy de&nming and radially expanding a 
first portion of the tubular member to a first outside diameter, and means for plastically 

30 dofoxmmg and radially expanding a second portion of fiie tabular member to a second 
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outdda diameter, ia a prefeired cmbodiineat, the first outside diameter is greater than &e 
second outside diameter. In a prefetred embodiment fho means for plje»tically defiuming 
said radially expanding tho first pottian of the tabular member to tiie first outside diameter 
is removable. In a prefetred embodiment, the means for plastically detoming and radially 
5 expanding the first portion of the tubular member to the first outside diameter is frangible. 
In a prefeired embodiment, the means for plastically deforming and radially expanding the 
Gist portion of the tubular member to the first outside diameter is elastic. In a preferred 
embodiment, the means fbrplasticallydeibrmisg and radially expandiiig the first poxtion 
of the tubular member to the first outside diameter inchides means fixr applying a radial 
10 fiucetotfaefirstportionofttietubularmember. In a prefeired embodhnent, the means for 
pltftically definming and radially expandhig fiie first portion of the tubular member lo tho 
first outside diameter is inflatable. In a preferred embodiment, the means for plasti 
defomuBg and radially expanding tiie first portion of the tubular member to the firstf 
outside diameter includes rolling means for applying radial pressure to the first portion of 
IS the tubular m«nber. 

An apparatus for plastically deiiarming and radially expanding a tubular membo' 
has also been described that inchides a tubular support member indiuding a first fluid 
passage, an ^pansion cone coupled to the tubular airport member having a second fluid 
passage fiuididy coupled to the first fluid passage and an outer conical surface, a 
20 removable annular conical sleeve coupled to the outer conical sur&cc of the expaision 
cone, an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member, and a shoe having a valveable passage coupled to an end of 
. the iBjqianaion cone launcher. £q a ptefcmdembodhnentyteeoxucalsl^ 
In a pre&ned embodini^t. the corneal sleeve is dastic. In aprefo^ 
25 conical sleeve includes a plurality of arcuate eiemetits. 

A method of plastically defomimg and radially expanding a tubular member has 
also been described that includes plastically defbrmii^ and radially expanding a portion of 
the tabular member to a first outside diameter, and plastically deforming and radially 
expanding another portion of the tubular monber to a second outside diameter. In a 
30 preferred embodimmt, the first diameter is greater than the second diameter. Iha . 
preferred embodiment, plastically deforming and radially expanding the portion of the 
tubular member includes applidng a mdial force to tho portion of the tubular member nsing 
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a conical sleeve. In a prefenned embodiment, conical sleeve is fiangible. La a preferred 
embodiment^ the conical sleeve is elastic. In a prefened embodiment, the conical sleeve 
inclodeaapluraHfyofanniateelementB. a piefimd embodiment. plaaticaUydefomd^g 
and radially expanding tbe portiGai of the tiibnlar member ii^hides applyinjs a radial &m 
5 to the portitm of the tubular member using an inflatable bladder. In a prefened 
embodiment, plastically deforoiing and ladiaUycxpamiing the portion of the tubu^ 
member inclndes applying a ladiai force to the portion of the tubular member using a roller 
expansion device^ 

A method of coiq>ling a first tubular m^nber to a second tubnlarmembef has also 

10 been descdbed^ includes plastically deforming and radiaUyes^^ 

the first tubular member to a first ontaido diameter, plastically deforming and radially 
expanding another portion of tiie first tubular member to a second outside diameter, 
positioning the second tubular member inside die first tubular member in overi^ping 
relation to &e first portion of die first tubular member, plastically deforming and radially 

1 5 expanding the second tubular member to a third outside diameter, and plastically 

deforming and radially expanding file seccmd tubular member to a fourth outside diameter. 
The inside diameters of the first and second tubular members after fiie plastic defotmationa 
and radial expansiwis aro substantially equal, la a preferred embodiment, the first outside 
diameter is greater than the second outside diameter. In a preferred embodiment, 

20 plastically deforming and radially expanding the first portion of the first tubular member 
includes ^plymg a radial force to the poitioA of the tubular monber using a conical 
sleeve. In a piefsoed embodiment, the conical sleeve is firangible. In a prefened 
embodiment, the conical sleeve is ek»tic. in a pre&cfed embodiment, the conical sleeve 
incluta a phuality of aicuate elements. In aprefeired embodunent, plastically deforming 

25 and radially expandhig the first poition of foe first tubular member includes applying a 
radial force to the first portion of the first tubular member ushig an inflatable bladder, hi a 
preferred embodiment, plastically deforming and radially expanding the first portion of die 
first tubular member includes applying a radial ibrce to the first portion of the. first tubular 
member using a roller expansion device. 

30 An apparatus for coupling a first tubular member to. a second tubular member has 

also been descdbed foat includes means for plastically defomung and radially expanding a 
first portion of the first tubnlar member to a first outside diameter, means for plastically 
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defonoung and radially expanding aoother portion of (he fiist tubular momber to a second 
outside diameter, means Soi positionmg tho second tubular member inside the fust tubular 
member in overlq[»pmg relation to the first portion of the fint tubular membeTt means for 
plastically defomdng and radially expanding the second tubular member to a thtid outside 
5 diameter; and means for plaatioally defonning and ladially expanding tilie second tubular 
member to a fourth outside diameter. The inside diameters of the first and second tubular 
members after the plastic defotmations and radial expansions are substantially equal. In a 
prefibrred embodiment, the first outside diamettf is greater than the second outside 
diameter. In a prefened embodiment, the means to plaaticaUydefotnu^ 

10 oiqundhig the first portion ofthe first tnbidarmembei includes 

force to the portion ofthe tubular meniberufflng a conical sleeve, fiiaprefenred 
embodiment, tiie conical sleeve is frangible, hi a preferred embodiment, the conical sleeve 
is elastic, hi a preferred embodimoit, the conical sleeve includes a plurality of arcuate 
elements. In a preferred embodiment, the means for plastically deforming and radially 

15 expandingthe first portion of the first tubular member inchides means fisr applying a radial 
fimetothefbrstpordonofthefirsttubdarmeroberusinganinflatablebladder. Ina 
prefeized embodim»t tiie means for plasticaily defonning and radially expanding the first 
portion of the first tubular member included means for applying a radial ftrce to the first 
portion of the first tubular member using a roller expansion device. 

20 An apparatus for forming a wellbore casing within a wellbore has aiso been 

described that includes means for siq>pQrting a tabular member within the wellbore, means 
for plastically deforming and radially expanding a first portion of tlie tubular member to a 
first outside diameter, and means forplastically def<nming and ladially eocpanding a 
second portion ofthetubularmembertoasecondoutaidedianaeter. laapre&ned 

25 embodiment, the first outside diameter is greater than the second outside diameter. In a 
preferred embodiment, the means for plastically defonning and radially expanding the first 
portion of the tubular member to the first outside diameter is removable. In a prefeired 
embodiment, the ineans for plastically defomiing and radially expanding the first portion 
ofthe tubular member to the first outside diamet^ is fiangible. hiaprefenfed 

30 embodiment, the means for plastically defomuog and radially expanding the first portion 
of the tubular member to the first outside diameter is dastic. In a pieibned enobodimeat, 
the means for plastically definming and radially expandiiig the first portion of the tubular 
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mcfflbcr to tfte iust outside diamfiter includes means £3r applying a radial fbrca to (ho firat 
portion of the tidmlar member. In a prefiBcrad embodiment, the means for plastically 
defozming and radial^ expanding ttie first portion of &e tubular member to the first 
outside diameter is inflatable.. Id a preferred embodiment, the means for plastically 
5 deforndttgandFadialtyej^andiAgtbefiiB^ 

outside diameter includes lolling means for applying radial pressure to the first portion of 
the tubular member. In a preferred embodiment, the apparatus further includes means for 
fbmiing an annular body of a fluidxc sealing material within an aonulus between the 
tubular meniber and the wellbore. 
10 An apparatus fiir toning a wellbore casing within a wellbore has also been 

desoibed that includes a tabular support member ineluding a first fluid passage, an 
expansion cone coupled to the tubular Sttpport member having a second fluid passage 
fluidicly coupled to the first fluid passage and an outer conical surfiice^ a remoyabie 
ammlar canical sleeve coupled to the outer conical sm&co of the expansion cone, an 
1 5 annular expansion cone launcher coupled to the conical sleeve and a bwer portion of fiie 
. tubular member, and a shoe ha\dng a vai veable passage cockled to an end of the ffi^ 
cone laundxer. Inaprefkredanbodimeat,theconical8l6evei8fi:angiblo. Jnapieie^ 
embodiment, the conical sleeve is elastic. In a preferred embodimoi^ the conical sleeve 
indodes a plurality of arcuate elements. 
20 A method of &nning a weHbore casing within a wellbore has also been described 

that inchides supporting a tubular member within a wellbore, plastically deforming and 
radially expanding a portion of the tubular member to a first outside diameter, and 
plasticalfy defbiminc ^ radially expanding another portion of the tubular member to a 
second outside diameter. In a preferred embodiment, the first diameter is greater Qian the 
25 second diameter. Li a prefenndemboduneiit, plastically dofonntng and eadiaU^ 

the portion of (he tubular member mchides applyioig a radial ibico to the portion of fiie 
tubular member using a conical sleeve. In a preferred embodiment, the conical sleeve is 
fungible. In a preferred embodunent, the conical sleeve is elastio. In a preferred 
cmbodunent, the oottiGd sleeve izicludes a phuality of arcuate elements^ In a preferred 
30 CTibodiment, plastically defbimii^ and radially expanding the portion of the tubular 
member inchides flying a radial fince to the portian of fiie tubular member using an 
inflatable bladder. In a p rc fe n cd embodiment, plastically deforming and radially 
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expanding the portion of the tubular member includes ^l^ix&g a radial force to the portion 
of the tubular member using a roller expansioa device. In a p reftited embodiment fho 
method iurtfaer indudes hdectlog an ammlarbody of ahardenable fiiiidlc sealing materia] 
intp an ammhis between the tabular member and theT^ foapre&nedenibodhneoty 
5 ttie method ibrther mcludes curing the anmilar boc^ of hardenable ihiidic sealiag material. 
A method of forming a mono-diametar weHbore easing within a wellboxe has also 
boea described tiiat includes snppoxttng a iirst tubular member within the weUborc, 
plastically deforming and radially expanding a fust portion of the first tubular monber to a 
first oiitsida diameter, plastically deforming and n^aUy e9q)andhig aiibthiBr p(»!tion of the 

1 0 first tubular member to a second outside diameter, poshibmng fhe second tubular member 
inside the first tubular member in overlqjping ralatbn to the first portion of thp first 
tubular member, plastically deforming and radially expanding fhe second tabular membo' 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular monber to a fourth outside diameter. The inside diameters of the first axnl second 

15 tubular members after the plastic deformations and radial expansions are substantially 
equal ma preferred embodimrat; the first outside diameter is greater than die secoiui 
outside diameter. In a prefenred embodiment, plastically defimmng and radially cTq^anding 
fhe first poitioa of the first tubular mohber includes q^lying a radial ibroe to the portion 
of die tubular member using a conical sleeve. In a prefenred embodiment, the conical 

20 sleeve is tangible. In a preferred ranbodiment, the conical sleeve is elastia In a pre&rred 
embodim^t, the conical sleeve includes a plurality of arcuate elements. In a prefetxed 
embodiment, plastically defonmnig and radially expanding fhe first portion of Ifae first 
tubular member mcludes applyhig a radial fbrue to the fiiat portlott of the first tubular 
member ushig an inflatable bladder. In a pre&fted embodiment; plastically def(xnung and 

25 radially expanding fiie first portion of the first tubular membo- inchides flying a radial 
force to the Gat portion of the first tubular member using a roUer expansion devico, la a 
prefbnred embcdhnent, the method further includes iijecting an annular body of a 
hardenable fiuidic sealing material into an annulus between the first tubular member and 
fhe wellbore. In a prafboed embodiment, the method fiirfher inchides curing the aimnlar 

30 boclyofhardeinaiblefhudic sealing matenal hi a preferred embodihient,fiie method 
fiirfher includes infecting an annular bod^ of a hardenaible fbldic sealing material into an 
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anouluB between tho second tubular member and the wellbore. In a prefoned embodiment, 
the method fbifher inchides curing the annular body of bardenable fluidic sealing ooateriaL 

An apparatus coiq>Iiiig a first tubular menaber to a 8^ 
also been described that inclodos means &r plastically defooning 
5 first portion of die fiiBttubulBrmember to a ftst outride dianioter» means fiffpl^ 
deibrrai Qg and radially expanding another portion of the fixst tabular membar to a second 
outside diameter, means for posi'tioning the second tubular member inside the first tabular 
member in overlapping relation to die first portion offho first tubular memba, means for 
plastically defi)nning and ladiBUy expanding the second tubular member to a third outsid e 
1 0 diametttr» and means fyt plastically defoimmg and radially expanding the second tubular 
member to a fbwth outside diameter. The mside diameters of the &gi andsecond tubular 
members after the plastic defonnations and radial expansions are substantially equal In a 
preferred embodiment, (he fiist outside diameter is greater than the second outside 
diameter. In a prefened embodiment, die means for plastically deforming and radiaily 
1 5 eaqpanding the first portion of the first tubular member includes means for qiplying a radial 
fincetotheportionofthetubularmemberusingaconical sleeve* Biaprefeixed 
embodiment, the conical sleeve is firangibto. In aprefenred embodhnent, the conical sleeve 
is elastic. In a prctoed embodiment; the corneal sleeve Includes a phirality of ai^ 
elements. In a prefoied embodiment, the means for plastically defomoing and radially 
20 expanding die first portion of the first tubular member includes means for flying a radial 
force to the first portion of the fiiist tubular meinberusmg an iiifiatable bladder, hi a 
preferred embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member mehides means for s^lying a radial force to the first 
portion of the first tubular member using a toller expanrion device. Ihaprcforxed 
25 embodiment the apparatus fbiiher mchxdes means fiir injecting an annular hoiy of a 
haidenable fiuidic sealing material bto an annulus between the first tubular member and 
the wellbore. In a preferred embodiment, the apparatus further includes means for curing 
the annular body of hardenable fiuidic sealing material In a pre&rred embodiment, die 
e^^aratus fiirther mchtdea means for iiuecting an annular body of a hardenable fiuidic 
30 sealing niaterialmto an annulus between the second tubular xnemberazid the In 
a prefonred embodiment, die apparatus fiirther includes means for cunng die ammlar bod/ 
of hardenable fiuidic sealing material. 
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An apparatos for plastically defonnutg and ladiaily expand^ 
has also been described tibat includes raeaos far pnmdiag a lipped poition in aportionof 
ibe tubular member, and means fixr plastically defoming and radial^ expanding anotber 
portion of die tubular member. 
5 An Qiparatus fbrplestically de&rmiz^ and radially expandiDg a tubular member 

has also been described that inchidcs a tubular siq>port member inoluding a first fluid 
passage, an expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and aa outer conical surface, an annular 
oqpanaion cone launcher including: a first annular portion ooapM to a lowo- poition of 
10 the tubular member, a second annular poition coupled to the first animlarportion that 
mates with the outer oonicai surface of thAenpansian cone, a fhiid annular potion coupled 
to the second annular portion having a first outside diameter, and a finirth annular portion 
coupled to the third annular poition having a second outside diameter, wherein tbo aocond 
outside diameter is less than the first outside diameter, and a shoe having a valveahle 
15 passage coupled to £)njth annular portion ofthe expansion cone launcher, 

A method of plastically defomung and ladially expanding a tiibular member has 
also beoi descdbed that includes providmg a lipped portion in a portion of the tubular 
membCT, and plastically deforming and radially expanding anofiier portion of the tubular 
member. 

20 A metlK)d of coupling a first tubular member to a second tubular member has also 

been described that includes providing a lipped portion in a portion of the first tubular 
member, plastically defonoing and radially expanding another porticm of the first tubular 
member, poaitionmg the second tubular member mside the firat tubular member in 
ovcrl^uig relation to the lipped portion of (he first tubular mnnber, and plasticaUy 

25 defixnning and radially expandtQg the second tubular member. The inside diametors of the 
first and second tubular membera after tiie plastic defonnatiDns and radiBl expulsions ore 
substantially equal. 

An apparatus for coupling a first uibular mranber to a second tubular member has 
also been descdbed that inohides means for providing a lipped poxtion in the first tubular 
30 mnnber, meaiM for plasticaUy deforming and radial)^ expanding another portion of the 
fijTst tubular memb^, means tx positioiiiAg the second tabular member inside the first 
tubular noember in overlappiqg relation to the li^iped portion of foe first tubular member. 
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and means for plastically doionnmg and radially expanding the second tubular member. 
The uuide diameters of the first and second tubular members aftcx the plastic defomaations 
andndiid expanmoDS are substantially isquaL 

An apparatus fi>nning a wellbore casing witUn a well^^ 
5 described that includes means for supporting a tabular member within flie wellbore, means 
for |n:ovidbg a lipped portion in the tubular member, and means for plastically defixming 
and radially expanding another poitian of the tubular member to a second outside 
diameter. 

An apparatus &rfimning a wellbore casing witinn a wellbore has also been 

1 0 described that inchdes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member hsviog a second fluid passage 
fluidicly coupled to Ae first fluid passago and an outer conical sur&ce, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
the tubular member, a second annular portion coupled to the first annular portion that 

1 5 mates with the outer conical sur&ce of the expansion cone^ a third annular portion coupled 
to the second annular portion having a first outside diameter, and a fourth annular portion 
ccNspled to the fbhd annular portion having a second outside diameter, wheremte second 
outside diameter ta less than the first outside diametear, and a shoe hitving a valveable 
passage coupled to fourth annular portion of the expansion cone launcher. 

20 A method of ^^rming a wellbore casing in a wellbore has also been described that 

includes supportkg a tubular member within the wellbore, providing a lipped portion in a 
portion of the tubular member, and plastically deforming and radially expanding another 
portion of the tubular member. In a prefened embodiment, the method finther includes 
injectmg a hardenable fluidic sealing matorial in an annulos between the tubular member 

25 and the wellbore. La a prefeixedembodhnent,fiiemeth«Ml further inchsde^ 
fluidic sealing material. 

A mefliod of ftnuing a mono-diameto: wellbore casing within a wellbore has also 
been descdbed tbat includes si^poituig a first tubular memhet within the wellbore, 
. providing a lipped portion in a portion of the first tubular member, plastically deforming 

30 aud radially expanding another portion of the flat tubular member, positioning the second 
tidndar member iiiside the first tubular member m ovedapping r^ 
portion of the first tubular member, and plastically defonniqg and radially expanding the 
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second tubular member. The inside diameters of the fiist and second tubular members 
after the plastic defbnnations and radial expansions are substantially equal. In a prefeawi 
mbodiment, the method &jther includes injectmg a haidenablo fluidic sealing material in 
an annnlus between the j5i8t tabular member and the wellbore. fii a piefened embodiment, 
5 the method (farther includes curing Ihcflmdic In eprefenred embodiment, 

the method totfber includes iqecting a hardenahla fluidie aeriin g n^i^f ffrial in an ammlng 
between the second tubularmembcr and the wcUboro. In apndfcrrcd cmbodimait, the 
method further Licludes curing the fluidic sealing material 

Ad apparatus fiar foiming a mono-diameter wellbore casing within a wellboro has 
10 also been dascribed ttiat inohides means for providing a lipped portion in the £iBt tubular 
mentiber, means for plastically dofciming and radially expanding snotlier portion of the 
first tubular member, means for positioning the second tubular member inside &e first 
tubular member in o flapping rdation to the l^ped portion of the firet tubular member, 
and means for plastically defoming and radially expanding the second tubular member. 
15 The inside diameters of the first and second tubular members after the plastf c deformations 
and radial expansions are substantially equal In a preferred embodiment, tiie apparatus 
fiirther indudbs means for injecting a hardenable fluidic sealing material in an annulus 
between the first tubular mendier and the weUbore. In a prefencd embodiment, the 
apparatus farther includes means £>r curing the fluidic sealing material. In a preferred 
20 embodhnent, the apparatus itoher inchides means for injecting a baidenable fluidic 

sealing loeterial in an annulus between the second tubular meoiber and the wellbore^ Iha 
preferred embodiment, the i^aratus further includes means for curing the fluidic sealing 
material. 

Anapparatus for plastically deibmung and radially expanding a tubular member 
25 has also been described that inchidea means fhr plgjriefll^<1efaTni?"c iwid radially 
expanding a first end of the tubular member, and means for plastically defrn mrng and 
radially expamiing a second end of the tubularmembcr. In a prefened embodhnent, the 
apparatus finther includes moans for anchoring the tubular member during the radial 
expansion. 

30 An apparatus for plastically deforming and radially expanding a tubular monber 

has also been described fiiat includes a tubular siq^port monber including a first passago* 
an expansion c(m coupled to the tabular support having a secos^ 
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coupled to tho first passage and an outer ccMiical 8ui&De» an oimular eocpaosion cone 
laimdinr movably coupled to outer conical sur&co of the expansion oone^ an ^andable 
tubular membor coupled to an end of the annular expansion cone launcher, a shoe coupled 
to anodier end of the annular eacpansion cone launcher having a vialveable fluid passage^ 
5 and another ennidar expansion cone niovably coupled to the tubular support menUier^ The 
annular expmi<mcoaios axe positioned in opposite orientaticyns. Inapfefened 
csnbodiment, the annular expansion cone is adapted to plastically defonn and radfidly 
expand a first end of the expandable tubular member and the other annular expansion cone 
ia zdapM to plasticalty deform and radially expand a second end of the expandable 
10 tubular meniber. In apreftired anbodfanentj the apparatus fisAnr includes an anchoiix^ 
member GOi9>led to the tubular sui^rt member adapted to hoM the 

A method of ptastkdly defbrniiiig and radially expanding a tubular member has 
also been described that includes plastically deforming and radially expanding a first end 
of the tubular member, and plastically defomiing and radially expanding a second end of 
15 the tubular member. In a pirefeiredembodiment» the method further includes anchoring 
the tubular member during the radial expansion. la a preferred emibodimeDt, the first end 
of the tubular member is plastically deformed and radially e:qtanded be&oce the second 
end Majnrefored embodiment, plasticaUydefiamung and radiaUyexpai^^ 
end of the tubular member includes injecting a fluidic material into &e tubular member. 
20 A method of coupling a first tubular member to a second tubular member has also 

been described that includes positioning the second tubular member iisaide the first tubular 
inen^ in an overlapping reUitionship, plastically defonning and radial^ 
end of the second tubular member that overk^s with (he first tubular mfimber, and 
plastically defbrmmg and ndially expanding the remaining pottion of the seccmd tubular 
25 member, hi a piefenred embodimient^ the method further includes plastically deforming 
and radially expandinig at least a portion of the second tubular member. In a prefi:rred 
embodiment, (he inside diameters of the first and second tubular membera m substantially 
equal after the radial expansions. 

An apparatus for coupling a first tubular member to a aecond tubular menaber has 
30 also been described that includes means fopoattiomng the second tubidarm 
tfM first tubular member in an ovcdapping relationship, means fitrplaaticol^ 
and radially expanding dm end of the second tubular member that overlaps y/Hk d» first 
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tabular membo; and means for plastically defbnning and radially expending tho remaining 
portion of tbe second tubular manb«r. IhaptefentdembodiniBnt^tbeiQyparBtuaftiito 
includes means fi>r plasttceUy dofonmng and radially expanding at least a portion of the 
second tubular member. M a pielGanedembodimeDt, the inside diameten 
5 second tubular membera are substantially equal after the radial expansions* 

An ^paratus for fonning a weUbore casing ^thm a woUbore has also berai 
described that includes means for 8U|^K3itiug a tubular member within die wellboie, means 
fyr plastically defomung and radially expanding a frst end of the tubular member, and 
means for plasticaUy deforming and radially etxpanding a second end of the tubular 
10 member. &iaprefenedembodhneat,tfaeq)pat8tusfknrtfcerinchideB^m 

the tubular member dndng the.radial ex^aodan, b a prefeoed embodimait, the apparatus 
fuithcr includes means for injecting a haidenable fbndio sealing material into an amuihis 
between the tubular member and the wellbore. 

An apparatus lor fonning a wellborecashig widun a weUbore has also been 
] 5 described that includes a tubals support member including a fiist passage* an expansion 
cone ooupled to the tubular siqiport having a second passage fluidioly coupled to the first 
passage and an outer conical sut&ce» an annular eo^ansion cone lamicher movably 
coupled to outer conical sur&ce of the expansion cone, an expandable tubular member 
coiqjled to an end of the annular expansion cone launcher^ a shoe coupled to another end 
20 of die annular expansion cone launcher having a valveable iluid passage^ and another 
annular expansiMi cone movably coupled to the tubular support member. The annular 
expansion cones are portioned in opposite orientations* hi a preferred embodiment, the 
annular escpahsion cone is adapted to plastically defonn and radially expand a first end of 
the expandable tubular member and the odier annular expansion cone ia edapttd to 
25 plastically defonn and radially expand a second end of die expandable tubular member. En 
a preferred mbodiment, the apparatus fuilher includes an anchoring member, coupled to 
the tubular support member adapted to hold the expandable tubular. 

A method of forming a wcUbore casing widnn a weUbore has also been described 
that inchides plastically defomamg and rurally expandfaig a first end of the tubular 
30 member^ and plastically defaraung and radially expanduig a second end of die tubular 
member. In a preferred embodiment, the method futher includes anchoring the tubular 
member during the radial expansion. In a prefen^ed embodiment, the fbst end of die 
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tu3)ulfir member is plasticaHydcfonn^ In a 

preferred embodimezit, plastically defbiming and radially expanding the second end of the 
tubular monberinclodes izyecting a fluidkniaterial ulto the.tubular member. Ina 
piefened cmbodimeDt, the mediod fiiither indhides hjeeti^g ahvdeaable Mdie sealing 
5 mateda] into an annulua between thotubularmemberia^ 

A method of fbmung a wellbore casing withm a wellbore has also been described 
that includes plastically defonmng and radially expanding a first tubular member within 
tt» wellbore, positlonmg a secoi^ tubular member innde the first tubular member in an 
overlapph^ relationship, plastically deforming and radially expanding tibe end of the 
10 second tubular member that ovedaps with flie first tabularmember, plasticalb' defbnning 
and radially expaiidingtiie remaining pmtioQ of the secoMltii^^ Inaprefenred 
embodiment, the method fiofter includes plasticaQy deforming and xadialiy expanding at 
least a portion of the second tubular member. In a preferred embodiment, the inside 
idianieten of the first and second tubular manbeis are substantially equal after the radial . 
1 5 expansions. In a preferred embodhnent, the method fiuther includes injecting a hardenable 
Mdie sealing material into an annulus between the fiiat tubular member and Ibe wellbore. 
In a preferred embodiment, the method fiir&er includes iiyectfaig a hardenable ftuidic 
sealing material into an annuhis between the sectmd tubular member and tfie weUboie. 
An apparatus for forming a wellbore casing within a wellbore has also been 
20 described that bcludes means for plastically defonning and radially expanding a first 
tubular member within the weHbore, means for positioning the second tubular member 
inside the first tubular member in an overlapping relationship, means for plastically 
defomung and radially expanding the end of the second tubular member that oveilq»s with 
the first tubular member, means for plastically deformmg and radially ^andmg die 
25 remainipg portion of the second tubular nwnber. In a prefeired embodiment, Ae 

apparatus fiirtfaer includes means for plastically defonning and radially expand i ng at least 
a portion of the sec(md tubular member. In a preferred embodimoit, the inside diameters 
of the first and second tubular members are substantially equal after die nuiial expansions. 
Kq a prefisired embodiment, the apparatus fiu^hwladea means for injecting a 
30 hardenable fluidic sealing material into an annuhis between tiie first tubular monber and 
the weUboTB. In apreferred embodunent, the apparatus flirther includes means for 
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injecting & hardexiablc fiaidic seating material into an annolus batweon the second tubnlar 
member and flia^vellboie. 

An ffsparatiis bridging an axial gap between opposmg pain of wd 
within a woltbcie has idso been described ft^ 
5 member in overlc^jmig relation to Ike opposing ends of the wellbore casings, means for 
plastically defomung and radially expanding the tubular member, and means for plastically 
defoiming and radially expanding tt» tubular member and tfie of^sing ends of the 
wellbore casing^. 

A metibod of bridging an axial gap between opposing pairs of wellbore easmg 
1 0 wifbin a wellbore bas also been described that uicindes supporting a tubular member in 
overiapping relation to the opposing ends of the wellbore is^^ 
and radially expanding the tubular member^ and 

plastically defbmiing and radially expanding the tubular member and the opposing ends of 
the wellbore casings. 

15 A method of fonning a structure having desired strength characteristics has also 

been described that hichides providhig a first tubular member^ and plastically deibmung 
and radially ^andhig additional tubular members onto the ulterior snr&ce of ^ first 
tubular membearuntil tbo desired strength characteristics are achieved, 

A method of forming a weUboro casing within a wcllboro having desired strength 

20 characteristics has also been described that includes plastically defonning and radially 
expanding a first tubular member within the wellbore^ and plastically defcMming and 
radially expanding additional tubular members onto the interior surface of the first tabular 
member until the dosized strength characteristics are achieved. 

A method of couplmg a first tubular member to a second tubular member, the first 

25 tubular member having an originai outside diameter OD^ and an original wall thickness to, 
has also been described that includes plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically deforming and 
radiaJQiy expanding another poiti(Hi of the first tubular member to a second outside 
diameter, positianuig the second tubular monber Inside 0ie first tubular member in 

30 overlapping relation to the first portion of the first tubular monber, plastically defonning 
and radially expanding the second tabular member to a third outside diameter» and 
plastically deforming and radialhy expanding tiie second tubular member to a fourth 
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outside diameter, v^imin tho iasido diameters of &e fiist and second tubular meonbers 
, after Ifas plaatio defbnnatunis and radial aiq>aanon8 are BQbstantially equal* and 
wlmem die latb of fhe original outside diameter ODo of the first tubular member to the 
orilgiiial waO lliidaieaa lo of fhe first tubular member is greater than or equal to 16. 
5 A method offDnnisg a mono-diameter weUbore casing has ^ 

that includes positioning a first tubular member within a wdlbore, the first tubiilar member 
having an origmal outaido diameter 0D<, and an original wall thickness plastically 
rtafomring and ladiaDy caqjanding a first portion of the first tubular member to a first 
outside diameter^ plastfcaQy defboming and radially expaodiqg anotlusr porfioa of the first 
10 tnbularmenatoto a second ontride diameter, pontionmg the second tubute 

iodde 4se first tubular member in overk^jping relation to the first portion of the first 
tubular member, plastically defimning and radially expanding the second tabular member 
to a third outside diametfir, and plastically deforaimg and radially expanding tho second 
' tubular member to a fi)urtfa outside diameter. The inside diameters of the first and second 
15 tabular memben after fiie plastic definnations and ladial expansions are substantially 
equal, and ^erahi the ratio of the origfaial outdde diameter ODq of the first tubular 
naember to flie ori^nal wall findouss Iq of the firat tubular member is greater than or equal 
to 16. 

An apparatus has also been descnbed diet includes a plastically defonned and 
20 radially expanded tubul&r member having a first portion having a first outside diameter 
and a remaining portiott having a second outside diameter, M^eiein the ratio of the original 
outside diameter ODo of the first tubular member to the origNil wall thickness tb of fhe 
first tubular member is greater than or equal to 16. 

An qipatatuahas also been described that mcludes a plastically definrmed and 
25 radially expanded first tnbul ar member having a first p ortion having a first outside 
diameter and a remaining portion having a secoiul outside diameter, and a plastically 
dflfrrmed and radially expanded second tubular member coupled to the first portion of Che 
finltuibuhir member. The ratio ofthe origfaial outsMe diameter ODq offiie first tubular 
member to the oiigiiial wdl ttddoiesa t^ of the first tid^ 
30 to 16. Ilia pie&nedembodimeat, the inside diameters oftbe first end siecondtub^ 
mcmibcrs are substantially oquaL 
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A wellbore casing formed in a wellbore has also been described that includes a 
O 

Q plastically deformed and radially expanded first tubular member having a first portion 

^ having a first outside diameter and a remaining portion having a second outside 

diameter, and a plastically deformed and radially expanded second tubular member 
g 5 coupled to the &st portion of the first tubular member. Hie raUo of the original 
^ outside diameter ODo of the first tubular member to the original wall thickness to of the 

^ first tubular member is greater than or equal to 16. In a preferred embocBment, the 

Q inside diameters of the first and second tubular members are substantially equal. 

An apparatus has also been described that includes a pliastically deformed and 
10 radially exp^ed tubular member. In a preferred embodiment, the ratio of the original 
outside diameter ODq of the tubular member to the original wall thickness to of the 
tubular member is greater than or equal to 16. 

In several alternative embodiments, the methods and apparatus described and 
referenced above may be used to form or repair wellbore casings, pipelines, and 
IS structural supports. 

Although this detailed description has shown and described illustrative 
embodiments of the invention, this description contemplates, a wide range of 
modifications, changeSi and substitutions^ In some instances, one may employ some 
features of the present invention without a corresponding use of the other features. 
20 Accordingly, it is appropriate that readers should construe the appended claims 
broadly, and in a manner consistem with the scope of the invi^^ 

Throughout Ais specification and the claims which follow, unless the context 
requires otherwise, the word "comprise", and variationis such as ^'comprises" and 
'*comprising"i will be understood to imply the inclusion of a stated integer or step or 
25 group of integers or st^s but not the exclusion of any other integer or step or group of 
integers or steps. 

The reference to any prior art in this specification is not, and should not be 
taken as, an acknowledgment or any form of suggestion that that prior art forms part of 
the common general knowledge in Australia. 
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<^ TOE CLAIMS DEFININO THE INVENnON ARB AS FOLLOWS: 

o 

\0 1 . An apparatus for plastically defonning and radially expanding a tulmlar member» 
O 

cojnpnsing: 

^ 5 means for plastically defoiming and radially ^panding a first portion of the tubular 

^ member to ief first outside diameter; and 

^ means for plastical !y deforming and radially expanding a second portion of the 

i 



tubular member to a second outside dlBmetei; 
S ^^41erein the meims for plastically deforming and radially expanding the first portion 

10 of the tubular member to the first outside diameter is frangible. . 



2. An apparatus for plastically defonning and radially expanding a tubular member^ 
comprising: 

means for plastically defonning and radially expanding a first portion of the tubular 
15 member to a first outside diameter; and 

. means for plastically defonning and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to die first outside diameter is elastic. 

20 

3. An apparatus for plastically defonning and radially expanding a tubular member, 
comprising: 

. means for plastically defonning and radially expanding a first portion of the tubular 
member to a first outside diam^er; and 
25 means for plastically deforming and radially expanding a second portion of the 

tubular member to a second outside diameter; 

wherein die means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is inflatable. 

30 4. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 
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means for plastically defbnning and radially expanding a first portioa of the tubular 
member to a first outside diameter, and 

means for plastically deforming and radially expanding a second portion of Ae 
tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter includes rolling means for applying 
radial pressure to the first portion of the tubular member* : 

5. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member includmg a first fiuid passage; 
an expansion cone coupled to the tubular support member having a second fluid 
passage fliiidicly coupled to the first fiukl passage and an outer conical siuface; 

a removable umular conical sleeve coupled to the outer conical sur&ce of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member; and 

a shoe having a valveable passage coupled to an end of the e}q)ansion cone 
launcher. 

6. The apparatus of claim 5, wherein the conical sleeve is firangible. 

7« The apparatus of claim S, wherein the conical sleeve is elastic 

2S i. The apparatus of claim 5, wherein the conical sleeve compnses a plurality of 
arcuate elements. 

9, A method of plastically deforming and radially expanding a tubular member, 
comprising: 

30 plastically defomiing and radially expanding a portion of the tubular member to a 

first outside diameter; and 
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20 



plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter; 

wherein plastically deforming and radially expanding the portion of the tubular 
member connprises: 

S applying a racUal force to the portion of the tubular member using a conical sleeve. 

1 0. The method of cldm 9, wherein tiie conical sleeve is frangible. 

1 1 . The method of claim 9» wherein tiie conical sleeve is elastic. 

10 

12. The method of claim 9, wherein the conical sleeve comprises a plurality of arcuate 
elements. 

13. A metix>d of plastically deforming and mdially expanding a tubular member, 
IS comprising: 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter; and 

plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter. 
20 wherein plastically deforming and radially expanding the portion of die tubular 

member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
bladder. 

25 14. A mediod of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter; and 

plastically deforming and radially expanding another portion of tiic tubular member 
30 to a second outside diameter; 

\^erein plastically deforming and radially expanding Use portion of the tubular 



meniber comprises: 



Q applying 8 niidi&l foice to the portion of the tubular member using a roller 



VO expansion device. 

O 

^ 5 15. A method of coupling a first tubular member to a secdnd tubular member, 

^ comprising: 

plastically deforming and radially expanding a first portion of the first tubular 

^ member to a first outside diameter, 

O 

O plastically deforming and radially expanding another portion of the first tubular 

1 0 member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlaiqping relation to the first portion of the first tubular member; 

plastically deforming and nulially expanding the second tid>ular member to a third 
outside diameter, and 

I S plastically deforming and radially expanding the second tubular member to a fourth 

outside diameter; 

wherein the first and second tubular members after the plastic defonnatiohs and 
radial expansions define a passage having a constant cross sectional area. 

20 16. The method of claim 15, i^erein the first outside diameter is greater than the 
second outside diameter. 

1 7. The method of claim 1 5, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

25 applying a radial force to the portion of the tubular member using a conical sleeve. 

18. The method of claim 17, wherein the conical sleeve is frangible. 

19. The method of claim 17, wherein the conical sleeve is elastic. 

30 

20. . The method of claim 17, whexein the conical sleeve comprises a plurality of arcuate 
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elements. 

21. The method of claim IS, wheiein plastically ckfomihg and radially expanding the 
first portion of the first tubular member comprises: 

S applying a radial force to the first portion of the first tubular member using an 

inflatable bladder. 

22. The method of claim 1 5, wherein plastically deforming and radially expamling the 
first portion of the first tubular member comprises: 

10 applying a radial force to the first portion of the first tubular member using a roller 

expansion device. 

23. An apparatus for coupling a first tubular member to a second tubular memberi 
comprising: 

IS means for plastically defomiing and radially expanding a first portion olFthe 

first tubular member to a first outside diameter; 

means for plastically deforming and radially expanding another portion of 
the first tubular member to a second outside diameten 

means for positioning the second tubular member inside the first tubular 
20 member in overlapping relation to the fust portion of the first tubular member; 

means for plastically deforming and radially expanding the second tubular 
member to a third outside ^ameten and 

means for plastically dcfonning and radially expandmg the second tubular 
member to a fourth outside diameter; 
25 wherein the first and second tubular members after the plastic deformations 

and radial expansions define a passage having a constant cross sectional area. 

24. The apparatus of claim 23, wherein the first outside diameter is greater than the 
second outside diameter. 

30 

25. The apparatus of claim 23» wherein the means for plastically deforming and 
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radially expanding the first portion of the first tubular member comprises: 



Q means &r applying a radial force to the portim of the tubular member using a 

\0 conical sleeve. 
O 

S 26. The apparatus of claim 23, wherein the com*cal sleeve is frangible. 

O 
00 

ON 27. The apparatus of claim 25» wherein the conical sleeve is elastic. 

3 28. The apparatus of claim 25, wherein the conical sleeve comprises a plurality of 

10 arcuate elements. 



29. The apparatus of claim 23. wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular membercompises: 

means for applymg a radial force to the first portion of to the first tubular member 
IS using an inflatable bladder. 

30. The apparatus of claim 23» wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular 
20 member using a roller expansion device. 

31. An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first portion of the tubular 
25 memberto a first outside diameter, and 

means for plastically defonning and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein the means for plastically defonning and radially expanding the first portion 
of the tubular member to the first outside diameter is firangible. 

30 

32. An apparatus for forming a wellbore casing within a wellbore, comprising: 
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means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a Rrst portion of the tubular 
mmbtf to a fint outside dtameten and 

means for plastically deforming and radially expancfing a second portion of the 
tubular member to a second outside diameter, 

whecein the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is elastic. 

33. An apparatus for fonning a welibore casing within a weUbore, comprising: 
means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside /diameter, and 

means for j^astically defomiing and radially expanding a second portion of the 
tubular member to a second outside diameter; 

whereb the means for plastically deforming and radially expanding the first portion 
of the tubular member to the fust outside cSameter is inflatable. 

34. An apparatus for forming a welibore casing within a welibore, comprising: 
. means for supporting a tubular member within the welibore; 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter 

idierein die means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter comprises roiling means for applying ' 
radial pressure to the first portion of the tubular member. 

35. An apparatus for forming a welibore casing within a welibore, comprising: 
a tubular support member Including a first fluid passage; 

an expansion cone coupled to the tubular si^)port member having a second fluid 
passage fluidicly coupled to the first fiuid passage and an outer conical surface; 
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^ a removable annular conical sleeve coupled to the outer conical surftce of the 

O 

Q expansion cone; 

^ an aiinular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular memben and : 
5 a shoe having a vatveable passage coupled to an end of the expansion cone 

^ launcher. 

ON 



CM 



36. The apparatus ofclaim 33, wherein the conical sleeve is frangible. 

1 0 37* The appanitus of claim 35, wherein the conical sleeve is elastic. 

38. The apparatus of claim 35, whmin the conical sleevo comprises a pluralhy of 
arcuate elements. 

1 5 39. A method of forming a wdlbore casing within a wellboie, comprising: 
supportihg a tubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubular member to a 
fust outside diameter; and 

plastically deforming and radially expanding another portion of the tubular member 
20 to a second outside diameter; 

wherein plastically deforming and radially expanding the portion of the tubular 
member comprises; 

appl>ing a radial fbrce to the portion of die tubular member using a conical 

sleeve. 

25 

40. The method of claim 39, wherein the conical sleeve is frangible. 

41 . The method of claim 39, wherein the conical sleeve is elastic; 

30 42. The method of claim 39, wherein the conical sleeve comprises a plurality of arcuate 
elements. 
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Q . 43 . A method of forming a wellbore casing within a wellbore, comprising: 

\0 supporting a tubular membenmthin a welibore; 

O 

ptasticaliy defomiing and radially expanding a portion of the tubular member to a 
^ S first outside diameten and 

^ plastically deforming and radially expanding another portion of the tubular member 

to a second outside diameter; 
^ wherein plastically deforming and radially expanding the portion of the tubular 

§ member comprises; 

10 applying a radial force to the portion of the tubular member using an inflatable 

bladder* 

44. A method of foraning a wellbore casing within a wellboro, comprising: 
supporting a tubular member within a wellbore; 

IS . plastically defomiing and radially expanding a portion of the tubular member to a 
first outside diameter; and 

plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter; 

wherein plastically deforming and radially expanding the portion of the tubular 
20 member comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

45. A method of forming a mono-diameter wellbore casing within a wellboie» 
2S comprising: 

supporting a fint tubular member within the wellbore; 
plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter; 

plastically deforming and radially expanding another portion of the first tubular 
30 . member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
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^ overlapping relation to the radially expanded first portion of the first tubular member; 

Q plastically deforming and radially expanding the second tubular member to a thitd 

VO outside diameter; and 
O 

plastically deforming and radially expanding ifae second tubular member to a fourth 

^ S outside diameter; 

^ wherein the first and second tubular members after the plastic defonnations and 

Q\ radial expansions define a passage having a constant cross sectional area. 

S 46. The method of claim 4S» wherein the first outside diameter is greater than the 

10 second outside diameter. 



47. The method of claun 4S» wherein plastically deforming and radially expanding tte 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical sleeve. 

IS 

48. The method of claim 47, wherein the conical sleeve is frangible. 

49. The method of clahn 47» wherein the conical sleeve is elastic. 

20 SO. The method of claim 47» wheiein the conical sleeve comprises a plurality of arcuate 
elements. 

51. The method of clum 4S, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

25 applying a radial force to the first portion of the fust tubular member usuig an 

inflatable bladder. 

52. The method of claim 45, wherein plastically deforming and radially expanding die 
first portion of the first tubular member comprises: 

30 applying a radial force to the first portion of the first tubular member using a rolt^ 

expansion device. 
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53. The melhodof claim 45, further comprising: 

iojecting an annular tody of a hardenable fluidic sealing material into an annulus 
between the first tubular member and the wellboie. 

54. The method of claim 45, ftnrther comprising: 

injecting an annular body of a hardenable fluidic sealing material into an annulus 
between the second tubular member and the wellbore. 

55. The method pfclaim 53 or 54, further comprising: 

curing the annular body of hardenable fluidic sealing materiaL 

56. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the fiist 
tubular member to a first outside diameter; 

means for plasttcaLiy deforming and radially expanding another portion of the first 
tubular member to a second outside diameter; 

means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the radially expanded fmst portion of the first tubular member; 

means for plastically defonning and radially expanding the second tubular member 
to a third outside diameter; and 

means for plastically defonning and radially expanding the second tubular member 
to a fourth outside diameter; 

wherein the first and second tubular members afier the plastic deformations and 
radial expansions define a passage having a constant cross sectional area. 

57. The apparatus of claim 56» wherein the first outside diameter is greater than the 
second outside diameter. 
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58. The apparatus of claim 56, wherein the means for pbstically deforming and 
radially expanding (he first portion of the first tubular member eomprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

59. The apparatus ofclaim 58, wherein the conical sleeve is fimgible. 

60. The appar^ of claim 58, wherein the conical sleeve is elastic. 

61 . The apparatus of claim 58, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

62. The apparatus of claim 56, wherein the means for plastically defonning and 
radially expanding the first p<»tion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using an inflatable bladder. 

63. The apparatus of claim 56, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using a Totler expansion device. 

64. The apparatus ofclaim 56, further comprising: 

means for injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the first tubular member and the wellbore. 

65* The apparatus of claim 56, fiuther comprising: 

means for injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the second tubular member and the wellbore. 

66. The apparatus of claim 64 or 65, fiirthjer comprising: 
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means for curing the annular body of hardenable fluidic sealing material. 



. 67. An apparatus for plastically defoiming and radially expanding a tubular member, 
comprising: 

means for providing a lipped portion in a portion of the tubular memben and 
means for plastically deforming and radially expanding another portion of the 
tubular member. 

68. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: . 

a tubular support member including a first fluid passage; 

an expansion ccme coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surfice; 

an annular expansion cone launcher comprising: 

a first annular portion coupled to a lower portion of the tubular member; 

a second annular portion coupled to the first annular portion that mates with the 
outer conical surfa:ce of the expansion cone; 

a third annular portion coupled to the second annular portion having a first outside 
diameter; and 

a fourth annular portion coupled to the third annular portion! having a second 
outside (fiameter; 

vriicrein the second outside diameter is less than (he first outside diameter; and 
a shoe having a valveable passage coupled to fourtfi annubr portion of the 
expansion cone launcher 

69. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

providing a lipped portion in a portion of the tubular member, and 
plastically deforming and mdlally expanding another portion of the tubular 
member. 
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70. A method of coupling a first tubular member to a second tubular member. 



Q oompismg: 

SO providing a lipped portion in a pOTtion of the first tubular inember; 

plastically deforming and radially expanding another portion of the fint tubular 
^ S member; 

^ positioning the second tubular member inside the first tubular member in 

^ overlapping relation to the lipped portion of the first tubular member, and 



plastically deforming and radially expanding the second tubular member, 

O 

O wherein the inside diameters of the first and second tubular members afier the 

1 0 plastic deformations and radial expansions are substantially equal. 



71 . An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for providing a lipped portion m the first tubular member; 
1 S means for plastically deforming and radially expanding another portion of the first 

tubular member; 

means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member; and 

means for plastically defoming and radially expanding the second tubular member; 
20 wherein the Inside diameters of the first and second tubular members after the 

plasde deformations and radial expansions are substantially equal. 

72. An apparatus for forming a wellboic casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 

25 means for providing a lipped portion in the tubular member; and 

means for plastically deforming and radially expanding another poitlon of the 
tubular member to a second outside diameter. 

73. An apparatus for forming a wellbore casing within a wellbore, comprising: 
30 a tubular sui^ort member faicludbig a first fluid passage; 
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an expansion cone coupled to the tubular support member having a second fluid 
passage fluidic]y coupled to the first fluid passage and an outer conical surface; 

an annular expansion cone launcher comprising: 

a first annular portion coupled to a lower pbrdon of the tubular member; 

a second annular portion coupled to the first annular portion that mates with the 
outer conical sur&ce of the expansion cone; 

a third annular portion coupled to the second annular portion having a first outside 
diameter, and 

a fourth annular portion coupled to the third annular portion having a second 
outside diameter; 

wherein the second outside diameter is less than the first outside diameter; and 
a shoe having a valveaUe passage coupled to fourth annular portion of the 
expansion cone lauiicher. 

74. A method of forming a wellbore casing in a wellbore^ comprising: 
supporting a tubular member within the wellbore; 

providing a lipped portion in a portion of the tubular member; and 
plastically deforming and radially expanding another portion of the tubular 
member* 

75. The method of claim 74» fiirther comprising: 

injecting a hardenable fluidic sealing material in an annuhis between the tubular 
member and the wellbore. 

76. The method ofclaim 75, further comprising: 
curing the fluidic sealing material. 

77. A method of forming a mono-diameter wellbore casing within a wellbore^ 
comprising: 

supporting a first tubular member within the wellbore; 
providing a lipped portion in a portion of the first tubular member, 
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pbsticaUy deforming and radially expanding another poition of the first tubular 
member; 

positionihg the second tubular member inside die first tubular member in 
overlapping relation to the lipped portion of the first tubular member; and 
5 plasticaUy deforming and radially expanding the second tubular member; 

wherein the inside diameters of the first and second tubular members afier the 
plastic deformations and radial expansions are substantially equal. 

78. The method of claim 77, iurttier comprising: 

1 0 injecting a hardenable fluidic sealing material in an annulus between the first 

tubular member and the wellbore. 

79. The method ofclaim 77, fiirther comprising: 

injecting a bardenable fluidic sealing material in an annulus between the second 
15 tubular member and the wellbore. 

80. The method of claim 78 or 79, further comjnising: 
. curing the fluidic sealing material. 

20 81 > An c^aratus for forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

means for providing a lipped portion in the first tubular member; 
means fbr plastically deforming and radially expanding another portion of the first 
tubular membier; 

25 means fbr positioning the second tubular member inside the first tubular member in 

overlapping relation to the lipped portion of the first tubular member; and 

means for plastically deforming and radially expanding the second tubular member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal, 

30 

82. The apparatus of claim 81 , further comprising: 
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means for injecting a hardenable fliddic sealing material in an annulus between Che 
first tubular member and the ivellboxe. 

83. The apparatus of claim 8 1 , fiixdier comprising: 

5 means for injecting a hardenable fluidic sealing material in an annulus between the 

second'tubular member and the wellbore. 

84. The apparatus ofclaim 82 or 83, further comprising: 
iheans for curing the fluidic sealing material. 

10 

85. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member includmg a first passage; 

an expansion cone coupled to the tubular support having a second passage fluidicly 
IS coupled to the first passage and an outer conical surface; 

an annular expansion cone launcher movably coupled to outer conical surfitce of 
the expansion cone; 

an expandable tubular member coupled to an end of the annular expansion cone 
lauAchen 

20 a shoe coupled to another end of the annular expansion cone launcher having a 

valveable fluid passage; and 

another annular expansion cone movably coupled to the tubular support member, 
wherein the annular expansion cones are positioned in opposite orientations. 

23 86. The apparatus of claim 8S» vdieiein the annular expansion cone is adapted to 
. plastically defotm and radially expand a first end of the expandable tubular member and 
the other annular expansion cone is adapted to plastically defonn and radially expand a 
second end of the expandable tubular monber. 

30 87, The apparatus of claim 85. further comprising: 



-77- 



an anchoring member coupled to the tubular s^ort member adapted to hold the 
expuidable tubular. 

88» An apparatus for fbmiing a wellbore casing within a wellbore. comprising: 
8 tub^ar support member including a first passage; 

an expansion cone coupled to the tubular support having a second passage fluidicly 
coupled to the first passage and an outer conical surface; 

en annular expansion cone launcher movably coupled to outer conical surface of 
the expansion cone; 

an expandable tubular member coupled to an end of the annular expansion cone 
launcher; 

a shoe coupled to another end of the annular expansion cone launcher having a 
valveable fluid passage; and 

another annular expansion cone movably cbiqsled to the tubular siqiport member; 
wherein the annular expansion cones are positioned in opposite orientations. 

89. The apparatus of claim 88, wherein the annubur expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member and 
the other annular expansion cone is adapted to plastically deform and radially expand a 
second end of the expandable tubular member. 

90. The apparatus of claim 88, fiirther comprising; 

an anchoring member coupled to the tubular support member adqited to hold, the 
expandable tubular. 

91. An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

means for supporting a tubular member in overiapping relation to the opposing 
ends of the wellbore casings; 

means for plastically deforming and radially expanding the tubular member; and 
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^ means for plasticdly defonning and radially expanding the tobular member and the 

Q opposing ends ofthewellbore casings. 

92. A method of bridging an axial gap between opposing pairs of wellboze casing 
^ 5 within a wellbore, comprising: 

^ supporting a tubular member in overlapping relation b the opposing ends of the 

^ wellborc casings; 

r-H plastically dcfoimiog and radially expaiuling the tubular member; and 

S plastically deforming and radially expanding the tubular member and the opposing 

10 ends of the wellbore casings. 

93. A method of fpmiiing a stnicture having desired strength cbiracteri^ 
comprising: 

providing a first tubular member, and 
15 plastically deforming and radially expanding additional tubular members onto the 

interior surface of the first tubular member until the desired strength characteristics are 
achieved. 

94. A method of forming a wellbore casing within a wellbore haying desired strength 
20 characteristics, comprising: 

plastically deforming and radially expanding a first tubular member within the 
. wellbore; and 

plastically deforming and radially expanding additional tubular members cmto the 
interior surface of the first tubular member until the desired strength characteristics are 
25 achieved. 

95. A method of coupling a first tubular member to a second tubular member, the first 
tubular member having an original outside diameter ODo and an original wall thickness to, 
comprising: 

30 plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
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plasticatty defonning and radially expanding another portion of the fint tubular 
member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member 

plastically defomiing and radially expanding the second tubular member to a third 
outside dlameten and 

plastically defomiing and radially expanding the second tubular member to a fourth 
outside diameter; 

wherein the inside diameters of the first and second tubular members afier the 
plastic deformations and radial expansions are substantially equal; aiid 

v^eiein the ratio of the original outside diameter ODo of tiie first tubular member 
to the original wall thickness to of the first tubular member is greater than or equal to 16* 

96. A method of forming a mono-diameter wellbore casing, comprising: 
1 S positioning a first tubular member within a wellbore^ the first tubular member 

having an original outside diameter ODo and an original wall thidoiess to; 

plastically deforming and radially expanding a first portion of the fint tubular 
member to a first outside diameter; 

plastically deforming and radially expanding another portion of the first tubular 
20 member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the fint tubular membien 

plastically deforming and radially expanding the second tubular member to a third 
outside diameter; and 

23 plastically deforming and radially expanding the second tubular member to a fourth 

outside diameter; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODo of the first tubular member 
30 to the original wall thickness to of the first tubular member is greater than or equal to 16. 
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^ 97, An apparatus, comprising: 

Q a plastically dcfonned and radially expanded tubular member having a first portion 

VD having a first oiitside diameter and a remaining portion having a second outside diameter, 

^ v^)crein the ratio oftho original outside diameter ODoofthe first tubular memb^^ 

^ 5 to the original wall thickness to of the first tubular member is greater than or equal to 1 6. 

O 
00 

98. An apparatus, comprising: 

^ a plastically defbimed and radially expanded first tubular member having a first 

S : portion having a first outside diameter and a remaining portion having a second outside 

10 diameter; and 

a plastically defimned and radially expanded second tubular member coupled to the 
first portion of the first tubular member; 

wherein the ratio of the original ouUide diameter QDo of tiie first tubular member 
to the original wll thickness to of the first tulnilar member is greater than or equal to 16. 

15 

99. The apparatus ofclaim 98, wherein the inside diameters of the first and second 
tubular members are substantially equal* 

100. A wellbore casing formed in a wellborc, comprising: 

20 a plastically de&imed and radially expanded first tubular member having a first 

poition having a first outside diameter and a remaining portion having a second outside 
diameter; and - 

a plastically deformed and radially expanded second tubular member coupled to die 
first portion of the first tubular member, 
25 wheiein the ratio ofthe original outside diameter ODoofthe first tubular member 

to the original wall tiiickness io ofthe first tubular member is greater than or equal to 16. 

101. The casing ofclaim 1 00, wherein tiie inside diameters of the first and second 
tubular members are substantially equal. 
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1 02. An apparatus, comprising: 
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a plastically deformed and radially expanded tubular member; 



Q wherein the mtio of the original outside diameter ODo of the tubular member to die 

g ori8i«alM«dIthiekn««toofthetubuh^«e^^ 

S 101 AnapparatiufQrplasticaUydefbhningandradM 
S Gbinipising: 

0^ means for cpuplinB a first expansion cone to a second expansion cone; 

means for plastically deforming and radially expanding a first portion of the tubular 
memb» to a first outside diameter using the first and second expansion cones; 



8 

1 0 means for plastically deforming and radially expanding a second portion of the 

tubular member to a second outside diameter using the second expansion cone; and 

means for decoupling the first and second expansion cones prior to plastically 
deforming and radially expanding the second portion of the tubular member to the second 
outside diameter; 

IS \vherein the first outside diameter is greater than the seibond outside diameter. 

104. A method of plastically deforming and ladially expanding a tubular meniber, 

comprising: 

plastically deforming and radially expanding a portion of the tubular member to a 
20 first outside diameter using a first expansion cone coupled to a second expansion cone; 
decoupling die first and second expansion cones; and 

plastically deforming and radially expandmg another portion of the tubular member 
to a second outside diameter using the second expansion cone; 

wherein the first outside diameter is greater than the second outside diameter. 

25 

105. A method of coupling a first tubular member to a second tubular member, 
comprising: 

plastically deforming and radially expanding a firstportion of the first tubular 
member to a first outside diameter using a first expansion cone coupled to a second 
30 expansion cone; 

decoupling the first and second expansion cones; 
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^ plasticaHy defonhing and radially expanding another portion of the first tubular 

Q member to a second outside diameter using the second expansion cone; 

^ petitioning the second tubular member inside the first tubular mem 

ovo'lapping relation to the first portion of the first tubular member; 

^ 5 plasticaUy deforming and radially expmding die second tubular member to a tM 

^ outside diameter; and 

^ plastically deforming and radially expanding the second tubular member to a fourth 
<S 

i 



outside diameter; 

O wherein the first outside diameter is greater than the second outside diameter; and 

10 v4icrcin the inside diameten of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal. 

106. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: . 

1 S means for plastically definming and radially icxpanding a first portion of the fust 

tubular member to a first outside diameter using a first expansion cone coupled to a second 
expansion cone; 

means for decoupling the first expansion cone from the secord expansion cone; 
means for plastically deforming and radially expanding another portion of the first 
20 tubular member to a second outside diameter using the second expansion cone; 

means for positioning the second tubular member inside the first tubuhur member in 
overlapping relation to the first portion of die first tubular member, 

means for plastically deformmg and radially expanding the second tubular member 
to a third outside diameter; and 
25 means for plastically deforming and radially expanding the second tubular member 

to a fourth outside diameter; 

wherein the first outside diameter is greater than the second outside diameter; and 
wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 
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107. An apparatus for forming a wellbore casing within a wellbore, comprising: 
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means for supporting a tubular member within the wellbort; 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter ushig a fint expansion cone coupled to a second 
expansion cone; 

means for decoupling the first and second expansion cones; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter using the second expansion cone; 

wheiem the first outside diameter is greater than die second outside diameter. 

1 08 . A method of forming a wcUborc casing within a wellbore» comprising: 
supporting a tubular member within a wellbore; 

plastically defonning and radially expanding a portion of the tubular member to a 
first outside diameter using a first expansion cone coupled to a second expansion cone; 

decoupling the first and second expansion cones; and 
, plasdcally deforming and radially expandii^ another portion of the tubular member 
to a second outside diameter using the second expansion cone; 

wherein the first outside diameter is greater than the second outside diameter. 

109. A method of forming a mono-diameter welibore caring within a wellbore, 
comprising: 

supporting a first Uibular member within the wellbore; 

plastically deforming and radially expandii^ a first portion of the first tubular 
member to a first outside diam^r using a first expansion cone coupled to a second 
expansion cone; 

decoupling the first and second expansion cones; 

plastically defonning and radially expanding another portion of the first tubular 
member to a second outside diameter using the second expansion cone; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 

plastically deforming and radially expanding the second tubular member to a third 
outside diameter; and 
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^ plastically deforming and radially expanding Ac second tubular member to a fourth 

Q outside diameter; 

\D \^eiein d» fiist outside diameter is greater than the second outside diameter; and 

O 

wherein the inside diameters of the first and second tubular monbeis after the 

^ S plastic deformations and radial e}q[)Bnsion5 are substantially equal. 

O 
00 

110. Apparatus for coupling a first tubular member to a second tubular membOTt 



comprising: 

means for plastically deforming and radially expanding a first portion of the first 
10 tubular member to a first outside diameter using a first expansion cone coupled to a second 
expansicm cone; 

means for decoupling the first and second expansion cones; 

means for plastically deforming and radially expanding another portion of the first 
tubular member to a.second outside diameter usix^ the second ocpansion cone; 
IS . means for positioning (he second tubular member inside the first tubular memte^ 
overlapping relation to the first portion of the first tubular member; 

means for plastically defonning and radially expanding the second tubular member 
to a third outside diameter, and 

means for plastically deforming and radially expanding the second tubular member 
20 to a fourth outside diameter, 

wherein the first outside diameter is greater than the second outside diameter; and 

wherein the inside diameters of the first and second tubular members after the 
plastic defomnations and radial expansions are substantially equal. 

25 111. Apparatus for plastically deforming and radially expanding and/or for coupling, 
substantially as herein described with reference to the accompanying drawings. 
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1 12. A method for plastically defbnning and radially expanding aiid/or for couplings 
substantially as herein described with reference to the accompanying drawii^. 

DATED this 5* day of October, 2005 

Shell Internationale Research Maatsdiappij B.V. 

By DAVIES COLLISON CAVE 
Patent Attorneys for the Applicant 
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